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PREFACli: 



This manual provides installation and maintenance information for 
the High Performance Floating-Point Processor (HPFPP). Chapters 
1 and 2 present an introduction to the processor and installation 
requirements including CPU strapping, board locations/ and switch 
positioning. Chapter 3 discusses programming considerations, and 
Chapter 4 describes the operation of the HPFPP in terras of state 
transition diagrams and logical algorithms. Chapters 5 and 6 
provide a block diagram analysis and a logic analysis. The 
manual appendices contain information on floating-point 
arithmetic, guard digits, rounding, arithmetic references, ROM 
maps, and mnemonics. The manual also contains relevant board 
schematics and assembly drawings. 

Revision 11 includes revisions 9, 10 and the following j 



• drawing and circuit changes to indicate capacitor C7 is 
terminated on the ground bus 

• assembly drawino change to indicate a 14 pin IC is located at 
03C 

• text changes to indicate that the HPFPP is applicable to all 
Model 3200 series processors 

The following manuals provide additional information for the 3220 
Processor System: 

3220 Processor Installation and Maintenance Manual, 
Publication Number 29-695 

3220 Processor User's Manual, Publication Number 29-593 

3220 Microprogramming Reference Manual, 
Publication Number 29-694 
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CHAPTER 1 
INTRODUCTION 



The High Performance Floating-Point Processor (HPFPP) handles the 
single- and double-precision floating-point operations of the 
^9in 3220, or 3230 user instruction repertoire. The HFtfi- 
coit^ins io?h the single- and double-precision floating-point 
registers. 

The unit is composed of two standard size 381 mm (15") circuit 
boards, HPFPP-A (35-715) and HPFPP-B ^35-716), and uses high 
speed SchottkY TTL logic. The boards plug into the CPU ^ackpanel 
in two dedicated slots. Communication with the Lft is 
accomplished over the C bus. 
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CHAPTER 2 
INSTALLATION 



2.1 INTRODUCTION' 

This chapter provides the necessary information to install the 
High Performance Floating-Point Processor (HPFPP). The HPFPP 
module consists of two standard 381 mm (15") printed circuit 
boards, one C bus interface card, and two cables, as follows: 



1 each HPFPP-A 35-715 

1 each HPFPP-B 35-716 

1 each C-Bus Interface 35-735 

2 each Cable 17-234F08 



2.2 POWER REQUIREMENTS 

The HPFPP requires +5 VDC S 20 amperes (maximum) for operation. j 

Because of this power requirement, additional power may be needed | 

when configuring a processor system with the HPFPP. For | 

additional information, refer to the appropriate Processor j 

Installation and Maintenance Manual. I 

2.3 CPU STRAPPING | 

Strapping is required on the CPU-A board in order to install the | 

HPFPP. Strapping details are provided in the appropriate j 

appendix covering your particular processor. I 

2,H SWITCH POSITIONING AND CLOCKS I 

On installation of the HPFPP, the 8-position DIP switch on the 
HPFPP-A board, location 16A, should be set to the run mode with 

nominal clocks (100 ns) regardless of the processor being used. | 
Set switches as follows: 



1. 


OFF 


2. 


ON 


3. 


OFF 


4. 


OFF 


5. 


OFF 


6. 


OFF 


7. 


ON 


8. 


OFF 
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I Refer to the appropriate Processor Installation and Maintenance 
I Manual for clock adjustment information, if necessary. 

I 2.5 TESTING 

The following diagnostic is available for testing the HPFPP: 
06-231 High Performance Floating-Point Test Program. 
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CHAPTER 3 
PROGRAMMING CONSIDERATIONS 



3.1 FUNCTION CODElS 

The operation to be performed by the HPFPP is determined by RD 
bits 09, 10, 11, and 25, as well as SFTENO and DFTENO. If RD bit 
25 is set, the source operand is supplied from memory via the C 
bus. Otherwise the source . operand must be resident in a 
floating-point register. SFTENO and DFTENO indicate whether the 
operation is single-precision or double-precision. Only one of 
these lines is active during an HPFPP operation. RD bits 09, 10, 
and 11 are interpreted as indicated in Table 3-1. 



TABLE 3-1 



HPFPP FUNCTION CODES 









MNEMONIC 






RP0 91 


RD101 


RD111 


SP DP 


OPERATION, 













RCC LW 


Read Condition Code/Load MS Half | 








1 


R"RE RRD 


Read 







1 





LE LD 


Load 







1 


1 


CER CDR 


Compare 




1 








AER ADR 


Add 




1 





1 


SER SDR 


Subtract 




1 


1 





MER MDR 


Multiply 




1 


1 


1 


DER DDR 


Divide 





3.2 UNNORMALIZED LOAD 

The signal UNNLDO, when active, causes the HPFPP operation to be 
completed without post-normalization. This feature may be used 
to accomplish unnormalized load instructions. The results of 
arithmetic operations which use unnormalized operands is not 
defined. Performing an unnormalized load on a single-precision 
register also clears to zeros the unused portion (bits 32:63) of 
that register. 
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3.3 CONDITION CODE? 

Valid condition codes are generated after each arithmetic 
instruction as specified by the appropriate Processor User's 
Manual. The condition code after a Read instruction is 
unspecified. The condition code is retrieved by the Read 
Condition Code (RCC) instruction subsequent to the arithmetic 
operation. 



3.4 REGISTER SELECTION 

The HPFPP contains 16 floating-point registers. Eight registers 
store only single-precision data and the other eight store only 
double-precision data. At user level, each register in each set 
has an even numbered address in the range X'C to X'E'. 

3,4.1 Destination Register 

The floating-point destination register is specified by the YD 
field of the instruction register. Where two operands are 
required (add, subtract, multiply, divide, compare), the YD field 
also designates the A operand source register. This convention 
IS Identical to that of the user-level instruction. 

The YD field also specifies the floating-point register to be 
stored on a Read instruction. If a double-precision register is 
being stored, the least significant bit of the YD field indicates 
whether the most significant half or the least significant half 
of the double-precision register is to be stored. 

3*4.2 Source Register 

The source register for the operation is specified by the YS 

field of the instruction register. If RD bit 25 is set, the 

source operand is taken from the C bus and the YS field is 
ignored. 
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3.5 SINGLE-PBECISION VS. DOUBLE-PRECISION 

The HPFPP is capable of performing floating-point arithmetic in 
both single-precision and double-precision modes. Operations 
performed in single-precision are fast, and each operand requires 
one fullword of storage. Operations performed in 
double-precision are not always as fast, and each operand 
requires two fullwords of storage, but the greater precision may 
make the trade-off worthwhile. It is important to note that the 
penalties involved in double-precision arithmetic are not always 
as great as they may seem at first. In most cases, 
double-precision Ibad, add, subtract, or compare may be performed 
just as fast in double-precision as in single-precision. If one 
of the operands comes from memory, there is always a little rrore 
overhead involved because two fullwords must be moved over a one 
fullword bus. 

Multiply and divide usually take twice as long in 
double-precision as in single-precision. The speed of a multiply 
operation is partially dependent on the strings of ones and zeros 
in the multiplier. Operations which require multiplying 
variables by simple constants may be faster if the constant is 
the multiplier. 

Storage space may also be saved through the use of mixed-mode 
instructions. These instructions allow double-precision data to 
be rounded and stored as single-precision data. They also permit 
single-precision data to be expanded to double-precision; 
however, improper use of these instructions may result in 
inaccurate answers. See the appropriate Processor User's Manual 
for descriptions of the mixed-mode instructions. 
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CHAPTER 4 
HPFPP ALGORITHMS 



4.1 INTRODUCTION ' 

This section describes the operation of the HPFPP in terms of 
state transition diagrams and logical algorithms for each HPFPP 
operation. 

Figure 4-1 shows a sample HPFPP state transition diagram for a 
hypothetical HPFPP operation. All HPFPP operations begin in 
state 0, the idle state. In the example, the operation begins in 
state and progresses to state 1. From state ^, the operation 
either returns to state or goes on to state 4, depending on 
whether or not an exponent" overflow occurs. If it goes on to 
state 4, it must then proceed to state 0. 

1163 




OVERFLOW 



Figure 4-1 Sample State Transition Diagram 

The algorithm tables show the HPFPP algorithm sequences by 
indicating the resulting action based on the key signals involved 
at each step in the operation. In the example shown in Table 
4-1, the actions that may occur in state (ST001) are indicated. 
If conditions YFLG1 and UFLO are both true, then bits 00; 24 of 
the A Latch (AL) are forced to ones. Also during state 0, state 
is reset and state 1 (ST011) is set unconditionally when the 
clock occurs. 
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TABLE 4-1 EXAMPLE ALGORITHM 



STATE 


CONDITION 


GATING 


ST001 


VFLGI'UFLO = 1 
unconditional 


AL(08:31) <- 1 

ST001 <- 
ST011 <- 1 



4.2 BEAD CONDITION CODE 

The Read Condition Code (RCC) function retrieves the condition 
code resulting from the last HPFPP operation, as shown in Table 
4-2. The mlcroprogrammer normally uses this instruction to load 
the condition code to the PSW after an operation affecting the 
user status. The RCC instruction is the only HPFPP operation 
that does not activate the HPFPP clock. 

TABLE 4-2 READ CONDITION CODE ALGORITHM 



STATE 


CONDITION 


GATING 


ST001 


RCC1«SFTEN1 = 1 


C280 <- CCCO 
C290 <- VCCO 
C300 <- GCCO 
C310 <- LCCO 



4.3 LOAD MOST SIGNIFICANT HALF 



The Load Host Significant Half (LW) instruction must precede any 
double-precision floating-point instruction which uses a source 
operand from memory. The LW instruction loads the mO{?t 
significant half of the MQ register. It also sets a flag in the 
HPFPP which indicates that the data loaded by the next 
floating-point instruction should be directed to the least 
significant half of the MQ. 

Figure 4-2 depicts the state transition diagram for the load most 
significant half operation. Table 4-3 contains the load most 
significant half algorithm. 

1164 




Figure 4-2 Load Most Significant Half State Transition Diagram 



4-2 
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TABLE 4-3 LOAD MOST SIGNIFICANT HALF ALGORITHM 



STATE 


CONDITION 


GATING 


ST001 


LMSHI'DFTENI =1 


MQ(00:31) <- C(00:31) 
ST001 <- 
ST011 <- 1 


ST011 


unconditional 


LLMSH1 <- 1 
ST011 <- 
ST001 <- 1 



4,4 LOAD 



The Load operation is 
floating-point register 
floating-point register, 
a number, depending on 
active, data is loaded 
register. This feature 
user instruction. 



used to transfer data from one 
to another, or from memory to a 

The operation conditionally normalizes 
the state of UNNLDO. When UNNLDO is 
unnormalized into the destination 
is used to inpleraent the Load Multiple 



Operation of the Load instruction is effected if it is preceded 
by an LW instruction. These two instructions must be used in 
conjunction to load a double-precision floating-point register. 



Figure 4-3 depicts the state transition diagram for 
operation. Table 4-4 contains the Load algorithm. 
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UNDERFLOW FAULT 



the Load 




LOOP IF NOT 
NORMALIZED 



Figure 4-3 Load State Transition Diagram 
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TABLE 4-a LOAD ALGORITHM 



STATE 



CONDITION 



ST001 SFTEN1+DFTEN1 = 1 
LLMSH1 = 

LLMSH1 = 1 
unconditional 



GATING 



OPSTOPO <- 

HQ(00:31) <- C(00:31) 
MQ(32:63) <- 

MQ(32:63) <- 0(00:31) 

ST001 <- 
ST011 <- 1 



ST011 RR1 = 
RR1 = 1 
unconditional 



ST031 



NRLZ1 = 



BMX(08:11) = 
BMX(08:11) ¥^ 

NRLZ1 = 1 



NRLZVSPO = 1 

XAL < 

UFL1«PSW191 = 1 



BMX(00:63) <- MQ(00:63) 

BMX(00:63) <- BSTK(00:63) 

BMX(64:67) <- 
XL(00:07) <- BMX(00:07) 
AL(08:63) <- BMX(08j63) 
ST011 <- 
ST031 <- 1 



AL(08:59) <- AL(12:63) 
AL(60:63) <- 
XAL <- XAL-1 
Return to NRLZ1 = 
NRLZ1 <- 1 

ASTK(00:07) <- XAL(00:07) 
ASTK(08:31) <- AL(08:31) 
BSTK(00:07) <- XAL(00:07) 
BSTK(08!31) <- AL(08:31) 
ST031 <- 
ST001 <- 1 
OPTSTOPO <- 1 

ASTK(32:63) <- AL(32:63) 
BSTK(32:63) <- AL(32:63) 

UFL1 <- 1 

ST031 <- 

ST041 <- 1 (see Sec. 4.10) 



U-4 
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4.5 READ 

The Read instruction is used to return the contents of the 
floating-point registers to the CPU via the C bus. The flags 
have no meaning after a read instruction. 

Figure 4-U shows the state transition diagram for the Read 
instruction. The read algorithm is in Table U-5. 
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GdrO 



Figure 4-4 Read State Transition Diagrai 



TABLE 4-5 READ ALGORITHM 



STATE 


CONDITION ' 


GATING 


ST001 




The gating and control for 
State is the same for all 
algorithms. Refer to Table 4-4. 


ST011 


SP1 = 1 

SP0'YD110=1 
SP0«YD111=1 
unconditional 


C(00:31) <- BSTK(00:31) 

C(00:31) <- BSTK(00:31) 

C(00:31) <- BSTK(32:63) 

ST011 <- 
STOOr <- 1 



4.6 ADD/SUBTRACT 

The HPFPP performs an algebraic add/subtract upon the two 
operands as determined by the function and the signs of the 
operands. Since the operands and the result are expressed in 
sign-magnitude convention, the HPFPP algorithm ensures that the 
larger of the two operands becomes the minuend for the subtract 
operation so that a two's complement number is never generated. 
Figure 4-5 depicts the state transition diagram and Table 4-6 
contains the algorithm. 
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NOT EQUALIZED, 
NOT NORMALIZED 



Figure a-5 Add/Subtract State Transition Diagram 



TABLE 4-6 ADD/SUBTRACT ALGORITHM 



STATE 


CONDITION 


GATING 


ST001 




The gating and control for 
State is the same for all 
algorithms. Refer to Table 4-4. 


ST011 


ER1=0 
RR1 = 1 
BMX(01:63)>ASTK(01:63) 

BMX(01:63)^ASTK(01:63) 
unconditional 


BMX(00:63) <- MQ(00:63) 

BMX(00:63) <- BSTK(00563) 

BGT1 <- 1 
ST051 <- 1 

ST031 <- 1 

XMX(00:07) <- ASTK(00:07) 
AMX(08:63) <- ASTK(08:63) 
XL(01:07) <- XMX(01!07)A 

BMX(01:07) 
XCNTR <- XAL(02:07) 
ST011 <- 


ST051 


unconditional 


ASTK(00:63) <- BHX(00:63) 
ST051 <- 
ST031 <- 1 



4-6 
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TABLE t»-6 ADD/SUBTRACT ALGORITHM (Continued) 



STATE 



CONDITION 



GATING 



ST031 



VGT1=1 

XCRY1=0 

XCNTR = X''3F' 
XCRY1«ACRY0«VGT0=1 

XCRY1=1 
ACRY1»SNRLZ0=1 

XAL<0 

XAL<0»PSK191=1 

M0FF1=1 

XAL>X'7F' 

SNRLZ1«ACRY1»SP0=1 
SNRLZ1'ACRY1=1 



XCR Y1 ^~ 1 

AL(08:63) <- ASTK(08:63) 

XCNTR <- XCNTR + 1 
AL{08:11) <- 
AL(12:67) <- AL(08:63) 

XCRY1 <- 1 

AL(08:63) <- ASTK(08:63) + 
AL (08:63) 

ACRY1 <- 1 

AL(08:63) <- AL(12:67) 
AL(64:67) <- 
XL <- XL-1 



UFL1 <- 1 
ST031 <- 
STOai <- (sea 



Sec. 4.10) 



AL(12:57) <- AL(08:63) 
AL(08:11) <- X'1' 
XAL <- XAL+1 



JL 



VFLG1 <- 1 
ST031 <- 
ST041 <- 1 

ASTK(32:63) 
BSTK(32:63) 

ASTK(00:07) 
ASTK(08;31) 
BSTK(00:07) 
BSTK(08:31) 
Round (see 
ST031 <- 
ST001 <- 1 



(see Sec. U.10) 

<- AL(32;63) 

<- AL(32:63) 

<- XL(00:07) 

<- AL(08:31> 

<- XL(00 

<- AL(08 



07) 
31) 



Sec. 4.9) 



State 1 of the algorithm compares the absolute magnitude of the 
two operands to determine which is the greater. The exponential 
difference is calculated and stored in the iteration counter 
(XCNTR). If the B operand is larger, it is written into the A 
stack during state 5 so that it may be used as the A operand. 

If the exponents are different, the mantissa of the smaller 
number is shifted right until the numbers are properly scaled. 
If the difference signifies a shift such that the shifted 
mantissa is zero, the operation is not performed and the greater 
of the two operands is stored as the answer. 



29-705 ROO 10/79 



4-7 



When the number has heen equalized (signified by XCByi=1), the 
add/subtract is performed. If an add operation results in a 
mantissa overflow (carry out of the MSB), it is rescaled. If a 
subtract results in an unnormalized number, it is subsequently 
normalized. When post scaling has been accomplished, it is 
stored in the stacks. If the result must be rounded, the 
operation continues for one more clock and the rounded result is 
stored in the stacks. 

During normalization, the exponent is decremented once for each 
normalize shift. If this operation causes an exponent underflow 
and PSW 19 is set, then the HPFPP goes to state U (see Section 
4.9). 

During the correction for a mantissa overflow, +1 is added to the 
exponent. If this causes an exponent overflow, the HPFPP goes to 
state a (see Section ^.10). 



4.7 MULTIPLY 

The multiply algorithm uses a technique of skipping over strings 
of ones or zeros when operating on the multiplier. This allows 
the multiplication process to be completed in fewer iterations 
than the number of bits in the multiplier. Figure 4-6 depicts 
the multiply state transition diagram and Table 4-7 contains the 
algorithm. 

The concept of skipping over zeros in the multiplier is straight 
forward, since the presence of a zero multiplier bit implies 
shifting only the partial product as in a conventional algorithm. 
Therefore, when more than one zero is encountered in the 
multiplier, the partial product is shifted as many times as there 
are consecutive zeros. This may be performed in one operation if 
the capability is provided in the hardware. The HPFPP provides 
shifts of one, two, three, or four places in one operation. 



1168 



NOT 
NORMALIZED 




COUNT 
NOT ZERO 



Figure 4-6 Multiply State Transition Diagram 



4-8 
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The concept of skipping over strings of ones is less straight 
forward but may be understood by considering the following 
examples. For instance, to multiply some number, n, by seven, a 
conventional multiplication scheme would require three steps to 
calculate seven times n, as: 

7n = n + 2n + 4n 

Another method which requires only two steps for the same problem 
calculates seven times n, as: 

7n = -n' + 8n 

When the HPFPP encounters a string of ones in the multiplier, it 
subtracts the multiplicand from the partial product. It then 
shifts the new partial product and the multiplier until the next 
zero bit is encountered in the multiplier. The multiplicand is 
then added to the shifted partial product. 

For example, when the binary string 0000111 is encountered in the 
multiplier, the HPFPP performs the operation in two steps: 

1. subtract and shift' 3 places 

2. add and shift H places 



During state 1, the multiplier is loaded into the MQ. The 
iteration count is loaded into the XCNTE and the exponents of the 
operands are added. If an exponent overflow occurs, state t* is 
entered; otherwise, control is transferred to state 2. 

During each step in state 2, the least significant four bits of 
the multiplier in the MQ are examined. These bits determine 
whether the partial product should be passed straight through the 
MAL, or whether it should have the multiplicand added to it or 
subtracted from it. The result is then shifted, as determined by 
these bits, and the new partial product is latched into the AL. 
The MQ is shifted the same amount and the XCNTR is decremented by 
the same amount. 

The operation is complete when the XCNTR is decremented to zero. 
However, the operation may require a correction cycle if a string 
of ones is in process. In this case the multiplicand is added to 
the partial product unshifted in the last period of state 2. 

In state 3 the product is normalized and rounded if required. If 
exponent underflow occurs or occurred during state 1 and the 
product is not zero, then control may transfer to state 4 (see 
Section 4.10); otherwise, the product is stored and the HPFPP 
returns to state 0. 
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TABLE 4-7 MULTIPLY ALGORITHM 



STATE 



CONDITION 



GATING 



ST001 



The gating and control for 
state is the same for all 
algorithms. Refer to Table 4-4, 



ST011 



RR1 = 
RR1 = 1 
unconditional 



SP1=0 

SP1 = 1 

unconditional 

JVFLG1=0 

JVFLG1=1 



BMX(00:63) <- MQ(00:63) 

BMX(00:63) <- BSTK(00:63) 

XL(00:07) <- ASTK(00:07) 

+BMX(00;07) 
MQ(08:63) <- BMX(08:63) 
BAD(01:03) <- AAD(01:03) 

XCNTR <- X'38' 

XCNTR <- X* 18* 

ST011 <- 

ST021 <- 1 

ST041 <- 1 (see Sec. 4.10) 



ST021 



SP1=0 
SP1 = 1 
XCRY1=0 



XCNTR=0 
XCBY1=1 



XMQ(28:31) <- MQ(60:63) 

XMQ(28:31) <- MQ(28!3i) 

n = 1, 2, 3, or 4 
MSC(00:01) <- n 
XCNTR <- XCNTR-n 
MAL <- f [AL(08:63),BSTK(08:63)J 
where f = AL+BSTK, or 
AL-BSTK, or 
AL only* 
ALC08:67) <- HAL shifted right 
n places 

XCRY1 <- 1 

ST021 <- ' 
ST031 <- 1 
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TABLE U-7 MULTIPLY ALGORITHM (Continued) 



STATE 


CONDITION 


GATING 


ST031 


SNRLZ1=0 

SNRLZ1 SP0=1 
SNRLZ1=1 


AL(08:63) <- AL<12:67) 
AL(64:67) <- 
XAL <- XAL-1 

ASTK(32:63) <- AL(32:63) 
BSTK(32:63) <- AL(32:63) 

ASTK(00:07) <- XAL(00:07) 
ASTK(08:31) <- AL(08:31) 
BSTK(00:07) <- XAL(00:07) 
BSTK(08:31) <- AL(08:31) 
Round (see Sec. 4.9) 
.ST031 <- 
ST001 <- 1 



4.8 DIVIDE 

The division algorithm begins by testing for a nonzero divisor 
and computing the exponent difference in state 1. The state 
transition diagram is shown in Figure U-7, and the divide 
algorithm is given in Table 4-8. 
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Figure 4-7 Divide State Transition Diagram 
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The divisor is checked for zero in state 1 by examining the first 
four bits of the mantissa. If the divisor is not normalized, it 
is assumed to be zero. The state counter is forced to state 
and the registers remain unchanged. 

The resultant exponent is calculated by subtracting the exponent 
of the divisor from that of the dividend. If the subtraction 
results in an overflow, the state is forced to state 4 (see 
Section 4.10). If an exponent underflow occurs, the division 
process continues to ensure that the dividend is not zero. If it 
is zero in state 3, and PSW bit 19 is not set, a zero quotient is 
forced and the flags are set accordingly. Otherwise, state 4 is 
entered (see Section 4.10). 

During state 1, the divisor is moved from the HQ register to the 
destination register of the B stack if the operation is not 
register-to-register. This is necessary as the quotient is 
formed in the MQ during state 2. 

During the first clock period of state 2, the relative magnitude 
of the divisor and dividend is checked. The algorithm depends on 
the divisor being scaled larger than the dividend before the 
division begins. During the second clock period of state 2, the 
dividend is loaded through the MALU into the AL, shifting one 
place left (dividend<divisor ) or three places right (dividend> 
divisor) to scale the mantissa properly. If the mantissa is 
shifted right, the exponent difference is incremented by one to 
compensate for the scaling. During the remaining clock periods 
of state 2, the remainder is shifted left and compared to the 
divisor. If the divisor is smaller, it is subtracted from the 
remainder? the difference becomes the new remainder, and a one is 
shifted into the least significant bit of the MQ. If the divisor 
is larger, the remainder is shifted again and a zero is shifted 
into the MQ. The process continues until the proper number of 
quotient bits is compiled. 

When the quotient is completed in the MQ, the state is forced to 
state 3. The quotient is transferred from the MQ, rounded if 
necessary, and stored in the stacks. 



4.9 BOU?JDING 

All results in the HPFPP are rounded in state 3. The result is 
rounded to the nearest number, which may be represented by the 
floating-point notation. In the casq of a result which is 
exactly midway between two representable numbers, the result is 
rounded to the odd one (see Appendix C). Hounding up requires 
one clock period more than rounding down 6r rounding to the 
nearest odd number. 
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TABLE 4-8 



DIVIDE ALGORITHM 



STATE 



CONDITION 



GATING 



ST001 



The gating and control for 
state is the same for all 
algorithms. Refer to Table U-4. 



ST011 



SNRLZ1 = 

RBO'SPO = 1 
RRO = 1 
unconditional 

SP1 = 
SP1 = 1 
unconditional 
JVFLG1 = 
JVFLG1 = 1 



ST011 <- 
ST001 <- 1 

BSTK(32:63) <- MQ(32!63) 

BSTK(08-31) <- MQ(08-31) 

XL(01:07) <- ASTK(01:07) - 
BSTK(01:07) 

XCNTR <- X'3A' 

XCNTR <- X'lA' 

ST011 <~ 

ST021 <- 1 

ST041 <- 1 (see Sec 4.10) 



ST021 



FCLK1«DCLK0 = 1 
ASTK(08:63)>BSTK(08:63) 
ASTK(0 8:63)<BSTK(08:63) 
FCLKI'DCLKI = 1 

JVFLG1 =1 
FCLK0-DCLK1 = 1 

FCLKO'DCLKO =1 
AL(08:63)<BSTK(08:63) 



DCLKO <- 

FCLK1 <- 1 

FCLK1 <- 

AL(11:63) <- ASTK(08:60) 

AL(08:10) <- 

XL <- XL + 1 

ST041 <- 1 (see Sec. 4.10) 

AL(08:63) <- ASTK(09:63) 
M07 <- ASTK(08) 
AL(63) <- 

XCNTR <- XCNTR- 1 
MQ(08;63) <- MQ(09:64) 

AL(08:62> <- AL(09:63) 

AL(63) <- 

M07 <- AL(08) 

HQ(64) <- (SP1 = 0) 
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TABLE 4-8 DIVIDE ALGORITHM (Continued) 



STATE 



CONDITION 



AL(08!63)>BSTK(08:63) 



XCNTR = 
XCNTE = 

XCRY1 = 1 



ST031 



SPG = 1 



unconditional 



GATING 



MQ(33) <- (SP1 = 1) 

MAL(08;63) <- AL(08:63) 

-BSTK(08;63) 
AL(08:62) <- MAL(09:63) 
AL(63) <- 
M07 <- MAL(08) 
MQ(6a) <- 1 (SP1 = 0) 
MQ(33) <- 1 (SP1 = 1) 

XCRY1 <- 1 
XC8Y1 <- 1 

ST021 <- 
ST031 <- 1 



ASTK(32:63) <- MQ(32:63) 
BSTK(32:63) <- MQ(32:63) 

ASTK(00:07) <- XAL(00:07) 
ASTK(08:31) <- MQ(08:31) 
BSTK(00:07) <- XAL(00:07) 
BSTK(08:31) <- MQ(08!31) 
Round (see Sec. 4.9) 



ST031 <- 
ST001 <- 



4.10 FAULT PROCESSING (State 4) 




the source and destination registers are restored to their 
condition ^°"^®"*^ ^^^ *^® ^^^^'^ ^^^ s«* t° indicate the overflow 



An exponent underflow may or may not be considered a fault, 
depending on the state of bit 19 of the PSW. If bit 19 is set, 
an underflow is considered to be an arithmetie fault and the 
procedure is the same as for overflow. If bit 19 is not set and 
an underflow occurs, the result is replaced by a true zero as an 
approximation to the real result. In either case, the flags are 
set to xndicate the underflow condition. 



Once fault processing is completed in state 4, the HPFPP 
immediately to state 0. 



returns 
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CHAPTER 5 
BLOCK DIAGRAM ANALYSIS 



5,1 INTRODUCTION 

Figure 5-1 shows the HPFPP block diagram. The block diagram is 
intended to show the major paths of data flow. It does not 
detail any of the control logic. 



DFTENO 


INTERFACE 


K Ro H 


SFTENO 






SCLK1 ^ 










CLK1 ^ 




CONTROL 
LOGIC 




RSTOPO 










J3PSTOP0 














Figure 5-1 HPFPP Block Diagram 
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5.2 A STACK, B STACK 

The A Stack (ASTK) and the B Stack (BSTK) are two independent 
sets of registers which operate as a single two-port register 
set. During register-to-register operations, the A operand and 
the B operand may be accessed simultaneously. There are 16 
floating-point registers, each 64 bits long. Eight of the 
registers are used for single-precision data and eight for 
double-precision data. The least significant 32 bits of each of 
the single-precision registers contain zeros. At the coiiplPtion 
of an operation, the results are written into the destination 
register of both register sets. 

5.3 B ADDRESS MULTIPLEXOR 

The B Address Multiplexor (BADM) allows the B register stack to 

be addressed by either the YD field or the YS field of the 

instruction register. This allows the result of an operation to 
be written into the destination register of both stacks. 

5.4 A MULTIPLEXOR 

The A Multiplexor (AKX) selects the A operand to be gated to the 
Mantissa ALU (MALU). The sources which can be gated are the ASTK 
and the AL register. The AMX can also be disabled to force the 
A bus to all zeros. 



5.5 B MULTIPLEXOR A, B MULTIPLEXOR B 

B Multiplexor A (BMXA) and B Multiplexor B (BMXB) select the 3 
operand to be gated onto the B bus. The sources which can be 
gated are the BSTK, the AL register, the MQ register, and the C 
bus. Only one multiplexor at a time is enabled so it operates as 
a single U-to-1 multiplexor. Both multiplexors may be disabled, 
however, in order to force the B bus to all zeros. 



5.6 MANTISSA ALU 

The Mantissa ALU (MALU) provides the add and subtract function's 
and the logical gating (A only, B only) required by the HPFPP 
algorithms. It is a 56-bit ALtJ using two-stage carry look-ahead. 

5.7 MAL SHIFTER 

The MAL shifter consists of two 2-to-1 multiplexors and a 4-way 
v?T^^!^: ^^^ feeding a tri-state bus. Only one component of the 
.iAL shifter IS enabled at any one time. Its purpose is to shift 
the MAL data which is to be latched into the AL register. MAL 
data (unshifted or shifted) may be passed right one, two, three, 
or four bits or shifted left one or four bits. Also, AL data may 
be shifted left one bit. 
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5.8 ARITHMETIC LATCH 

The Arithmetic Latch (AL) stores the intermediate results of an 
operation. Data from the AL may be routed back to the MALU as 
the A operand via the AMX, or as the B operand via tha BMXA. 
When the AL contains the results of an operation, the data is 
routed through the BMXA to the ASTK and BSTK. 

5.9 MULTIPLIER/QUOTIENT REGISTER 

The Multiplier/Quotient (MO) register is a 56-bit scratch 
register. Any data that comes from the C bus gets latched into 
the MQ first. The MQ holds the multiplier during multiply 
operations and accumulates the quotient during divide operations. 

5.10 MQ SHIFTER 

The MQ shifter consists of a 2-to-1 multiplexor and a U-way 
shifter. It allows the MQ register to be loaded from the B bus; 
or MQ data may be shifted left one bit or shifted right one, two, 
three, or four bits. 

5.11 EXPONENT ALU AND REGISTERS 

The Exponent ALU (XALU) performs any necessary exponent 
arithmetic. The Exponent Latch (XL) register is the exponential 
counterpart to the AL. The exponent multiplexors are also 
counterparts to the mantissa multiplexors. The A operand of the 
XALU is provided via the XAMX and may come from the ASTK or the 
XL. The R operand is provided by the XBMXA and the XBMXB and may 
come from the BSTK, the XL, or the exponent scratch register 
(XMQ). The XMQ contains the data latched from the C bus on a 
memory reference operation. 
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CHAPTER 6 
LOGIC ANALYSIS 



6.1 INTRODUCTION' 

Many of the functions of the HPFPP are split between the two 

boards. Therefore, the detailed analysis is presented by 

function rather than by analysis of individual circuits on each 
board. 

In the following analysis, reference is made to various circuits 
by their location in the schematic. For example, a reference to 
A-6N7 refers to coordinate N7 on Sheet 6 of the HPFPP-A 
schematics. Most signals are referred to by their mnemonic; 
however, not all signal's have an assigned mnemonic. These 
signals are referenced by the output pin number of the gate that 
generates the signal. For example, 05W09 refers to pin 09 of the 
package located at coordinate 05W on the circuit board. 

6.2 INTERFACE (HPFPP-A, Sheet 2) 

The interface section of the HPFPP controls the start-up and 
shut-down sequences of the processor. The HPFPP has its own 
internal clock system which is separate from that of the CPU. 
While the HPFPP is active, it stops the system clocks in the CPU 
and starts its own clocks. When the floating-point operation is 
completed, the HPFPP clocks are stopped and the CPU clocks are 
released. This start-up and shut-down sequence is the same for 
all of the HPFPP functions except Read Condition Code (RCC). The 
RCC function does not stop CPU clocks and inhibits the start of 
the HPFPP clocks. 

6.2.1 HPFPP Start-Up Sequence 

The HPFPP is activated whenever a floating-point microinstruction 
is decoded (see Figure 6-1). The floating-point microinstruction 
is decoded on the falling edge of the CPU system clock, CLK1. 
This causes either SFTENO or DFTENO to become active, depending 
on whether the operation is single- or double-precision. When 
either one of these signals becomes active, the HPFPP is selected 
and SEL1 goes high. This, in turn, causes OPSTOPO to go low and 
inhibit the CPU clocks (except CLK1 and SCLK1). 
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Figure 6-1 HPFPP Start-Up Timing Diagram 



When CLK1 again tecomes high, SSCO (Start System Clocks) goes 
low. SSCO asynchronously resets state (STOOD and sets state 
1 (ST011). State 1 going high immediately sets the flip-flop at 
OSW, which turns off SSCO. State going low enables the delay 
line oscillator which generates the HPFPP clocks. Also, if the 
operation is a memory reference operation, then state going low 
clocks the data (which by that time has propogated in from the C 
bus) into the ¥.Q register. 

The first HPFPP clock unconditionally resets state 1 and sets one 
of the other states, depending on the operation being performed. 
If the operation is complete and the next state set is state 0, 
then the HPFPP goes into the shut-down procedure. 
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HPFPP returns to 



6.2.2 HPFPP Shut-Down Sequence 

The shut-down sequence is initiated when ^he np^TOPO when 

o-h=, + o The Durpose of the sequence is to release OFbiui-u wnen 

CLK1 is low sJ Jhafthe CPU clocks are not restarted wxth a short 
cycle. (See Figure 6-2.) 
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Figure 6-2, HPFPP Shut-Down Timing Diagram 



The setting of state stops the oscill 
further HPFPP clocks. It also causes the f 
reset on the next falling edge of SCLK1 . 
OPSTOPO is released; this, in turn, releases 
falling edge of CLK1 resets the flip-flop at 
the next CPU microinstruction. If this is a 
ooeration (other than RCC), the start-up s 
However, OPSTOPO does not become active unti 
08T is reset on the falling edge of 
instruction is not floating-point, or if it 
goes inactive and OPSTOPO becomes active 
08T is reset on the falling edge of SCLKi. 



ator and inhibits any 
lip-flop at 08T to 

When 08T05 goes low, 
RSTOPO. The next 

05W and also decodes 
nother floating-point 
equence begins again. 
1 the flip-flop at 
SCLK1. If the next 
is an RCC, then SEI1 
when the flip-flop at 
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6.3 CLOCK (HPFPP-A, Sheet 4) 



The HFFPP 


clock is generated by a gated 


delay 


Line 


The csci 


llator is active whenever the 


HPFPP is 


in a 


than stat( 


3 0. The clock is user-programmable through 


switches 


at location 16A on HPFPP-A 


(A-UE5). 


Swi 


four, five, and six are not used. The 


settings 


for 


switches < 


are shown in Table 6-1, The HPFPP is design 


a nominal 


clock speed of 100 ns. The fast clock 


spee 


used for 


testing purposes and does 


not necessa 


floating-] 


point instructions to execute 


faster. 


The 


provision 


for executing HPFPP clocks in single-step 


bypassing 


internal clocks completely and running 


the 


an externally generated clock. 








TABLE 6-1 HPFPP CLOCK SWIl 


'CH SETTI* 


IGS 



oscillator. 

state other 
a set of 
tches three, 
the other 
ed to run at 
d (95 ns) is 
rily enable 
re is also 
mode, or for 

HPFPP with 



CLOCK 


SWITCH NUMBER 




12 7 8 


Fast clock 


CN OFF ON OFF 


Nominal clock 


OFF ON ON OFF 


Single step 


OFF ON OFF OFF 


External clock 


XX X ON 



A triiming capacitor (A-4M3) is used to fine tune the period of 
the clocks. This adjustment is made at the factory and should 
not be changed during normal operation. 



The HFFPP op 
clock period 
A slow-mode 
becomes acti 
stack settli 
which the 
the MQ regis 
5 in the 
algorithm, 
is changed t 
the multipl 
state 1 (reg 
compensate 
normalizatio 



erates in t 
is 100 ns 
clock cycl 
ve. The pu 
ng time dur 
register s 
ter, the re 
add/subtrac 
The registe 
o select th 
y algorith 
ister-to-re 
for the pa 
n. 



wo modes: nor 
in normal mode 
e is initiated 
rpose of the s 
ing the clock 
tacks were ace 
gisters may be 
t algorithms, 
rs are also ac 
e multiplicand 
m if the mult 
gister). The 
rticularly slo 



mal mode and slow mode. The 

and 125 ns in slow mode. 

when SLWCLKO (A-6N3, A-4B8) 
low clock is to provide for 
period following a period in 
essed. If the divisor is in 

written into during state 

and state 1 in the divide 

cessed when the BSTK address 

when entering state 2 in 
iplier came from the BSTK in 
slow clock is also used to 
w data patios associated with 
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6.4 STATE REGISTERS CHPFPP-A, Sheet 3) 

The state of the HPFPP is controlled by six flip-flops, each 
The state oi tne ^'^Y **.v. =« hpfpp state. During state (the 
uniquely associated with an HPFPP ^^^^^l ^"^q/ begins when 

rShr.r;:Hn::'.u;^r.— .."S!;.;;-r:i..:" 

Each state performs a specific functlca °^^=^*.f ^f^Jf t^ch 
^rd'Hstf": c;ndmonr"c:iLrrfc?.each transition to occur. 



TABLE 6-2 FUNCTIONS OF HPFPP STATES 



STATE 



FUNCTION 



Idle, ready to accept next operation 



Perform Load Most Significant Half 
Perform Compare ^ ^ r, ^ 
Gate contents of BSTK to C-Bus for Read 
Compare exponents for Add/Subtract 
Add exponents for Multiply 
Subtract exponents for Divide 



Perform Multiply or Divide 



Equalize operands for Add/Subtract 

Perform Add/Subtract 

Normalize result from Load, Add/Subtract, or 

Multiply 
Write result to register 



Restore registers if exponent overflow 
Restore registers if exponent underflow fault 



Store B operand in ASTK destination for 
Add/Subtract when B>A 
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TABLE 6-3 HPFPP STATE TBANSITION CHART 



TRANSITION 



ST001 -> ST011 



ST011 -> ST001 



ST011 -> ST021 



ST011 -> ST031 



ST011 -> STOai 



ST011 -> ST051 



ST021 -> ST031 



ST021 -> STOUI 



ST031 -> ST001 



ST031 -> ST041 



STOII -> ST001 



ST051 -> ST031 



CONDITIONS 



Unconditional (asynchronous) 



Divide by zero 

Load Most Significant Half 

Compare 



Multiply or Divide and divisor 

normalized, and no exponent overflow 
or underflow 



Load 

Add or Subtract and B<A 



Exponent overflow or underflow on 
Multiply or Divide 



Add or Subtract and B>A 



Multiply or Divide and XCNTR=0 



Exponent overflow on divide when 
rescaling mantissa 



Result written to register 



Exponent overflow while correcting 

mantissa overflow after add 
Exponent overflow during normalization 



Contents of stacks restored on 
arithmetic fault 



Unconditional 



6.5 FUNCTION SELECT AND DECODING (A-5C3, B-2H6) 




6-6 



29-705 ROO 10/79 



6.6 EXPONENT LOGIC (HPFPP-A, Sheets 9, 10, 11, 12) 

The exponent logic is composed of the exponent ^'J^tiplexor 10D 

(A-11H6) and 15D (A-12H6); the ^^P^'J^^^J^^^^l^.iS Jc JV-12W3)- 

fR-12L6)* the exponent latches 12C <A-11M3) and 1 3C U wnj;, 

ioml control logic (A-9D3); and the underflow/overflow detection 
logic (Sheet 10). 



The exponen 
A input o 
through the 
loading or 
for the pur 
exponents. 
1 or during 
a load op 
1 so that n 



t multiplex 

f the exp 

exponent m 

arithmeti 

pose of rec 

The ASTK 

an add/sub 

eration, th 

o exponent 



ors gat 
onent 
ultiple 
c. The 
irculat 
is sele 
tract u 
e expon 
arithme 



e either ASTK01:07 or XL01:07 
ALU (XALU). The ASTK bits are 
xor for the purpose of ex 
XL is gated through the multi 
ing, incrementing, or decrem 
cted by the multiplexor during 
ntil normalization begins, 
ent multiplexor is disabled in 
tic takes place. 



to the 

gated 

ponent 

plexor 

enting 

state 

During 

state 



control of the XALU is performed by the signals XMDS1 (A-9G3) and 
PLUS1 (A-9GU) according to Table 6-4. The exponent is 
incremented or decremented by XCN1 (A-9G2). 



TABLE 6-4 XALU MODE SELECT TABLE 



XALU 
SELECT 


STATE 


A 


S 


M 


D 


C 


L 


A+B=HLLH 
A-B=LHHL 
A,A-1=LLLL 
A,A+1=HHHH 





X 


X 


X 


X 


X 


X 


1 


A-B 


A-B 


A+B 


A-B 


A-B 


A+B 


2 


X 


X 


A 


A,A+1 


X 


X 


3 


A,A + 1 


A,A-1 


A,A-1 


A 


X 


A,A-1 


4 


A 


A 


A 


A 


X 


A 




5 


A 


A 


X 


X 


X 


X 



During the exponent arithmetic for multiply or -^^^if ' ^^^, JJ^^JJ 
64 operation is performed by an XOR gate on the ™°^J. /^^^^f^^^^^ 
bit of the XALU by complementing the "^^^"^^ °^„^*^^ °?J^^^i°t; 
Signal MDN8LZ1 is inactive for all other operations which gate 
the XALU bit to the XL unchanged. 

Exponent underflow is detected by the AOI gate ^^ J '♦^ .J^-JJ^f 
and the condition is latched in the fliP'floP f i,? ?a- 5g5^ aid 
Exponent overflow is detected by the AOI ^ate at Jf ^^Z^^^^ ^""^ 
the condition is latched in the flip-flop at 09E (A-10J5). 
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A sp 

(A-10 

expon 

the e 

7F100 

once 

is no 

case 

multi 



ecial case of overflow is detected by the 
C6). Multiplication of two numbers may seem to 
ent overflow, but post-normalization of the man 
xponent back into the acceptable range. F 
000 multiplied by 41100000 appears at first to o 

the product mantissa is normalized, it is obvio 
t true. The flip-flop at 12B (A-10F8) latches 

and inhibits overflow detection until after 
plication and post-normalization have been compl 



gate at 16E 
result in 
tissa brings 
or example, 
verflow; but 
us that this 
the special 
the mantissa 
eted. 



6.7 XCNTR CIRCUIT (HPFPP-B, Sheet 5) 



the iteration counts for 



the HPFPP. 



In 



The XCNTR provides 

Itatri'^anflni^r" ""T^. '^ loaded""wi;rth; e;;;ne;rdiff ^reice In 
state 1 and incremented or decremented in state 3 as the operands 
Jta^rr ^^h''- "^ ""^Itiply or divide, the XCNTR is loaded Jn 
state 1 with a constant and decremented in state 2. 

The XCNTR circuit consists of four main elements: control logic 
an adder, a multiplexor, and a register. control logic. 




TABLE 6-5 XCNTR INCREMENT/DECREMENT COUNT 



COUNT 



-1 

-2 

-3 

-^ 
+ 1 



BGT1 XCTA020 XCTA010 
















1 





1 


1 


1 



1 



1 





OPERATION 



Add/subtract (+ diff.) 
Multiply, Divide 

Multiply 

Multiply 

Multiply 

Add/Subtract (- dif f . ) I 



I?th!r t? "" ^^^""^ *^^ register to be loaded in state 1 with 
either the exponent difference (add/subtract) or a predetermined 
i.h^ ?^^°""^^'""^*^'='^^ ^"^ divide). The iteration count (see 

irs\\gL--^^rd^:b^L"-^^r:ci^:n'r^^^ ^'^ °-^^^^- ^^^- -'^°"- 
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TABLE 6-6 



ITERATION CONSTANTS FOR MULTIPLY AND DIVIDE 



OPERATION 



Multiply 
Divide 



ITERATION COUNT 
SP DP 



X'18' 
X'lA* 



X'38' 
X'3A' 



The XCRY flip-flop monitors the output 
and sets when the register count goes 
disables the clock to the counter. T 
set in add/subtract on the signal ven 
great) so that the equalization nee 
exponent difference is greater than 7 
in double-precision. When VGT1 is ac 
gated to the AL unchanged and the 
ignored. 



from the XCNTR multiplexor 
to zero. This, in turn, 
he XCRY flip-flop is forced 

(exponent difference very 
d not be carried out if the 
in single-precision or 14 
tive, the larger operand is 
add/subtract operation is 



6.8 MULTIPLY CONTROLLER (HPFPP-B, Sheet U) 

the MALU function (add, subtract, or A only). 

^^.e °.Js^.^;;;^?.e s Lc..on ..^.... ^J>^^ ^;^^- ,- 

whether the last active ^'^"^'-;^ ^ , ymo31 are passed to the 
an add or a subtract. Signals XMQ30 and x'ngji ace yacc 
HPFPP-A to control the MALU functions. The decoding of the XKQ 
Sits and MSUMnand the actions taken are detailed m Table 6-7. 
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TABLE 6-7 MULTIPLY ALGORITHM CONTROL 



XMQ28:31 


HSUM1 


OPERATION 


SHIFT 


0000 



1 


NOP 
ADD 


4 
4 


0001 




1 


ADD 
NOP 


U 
1 


0010 




1 


NOP 
ADD 


1 

1 


0011 




1 


SUBT 
NOP 


2 
2 


0100 




1 


NOP 
ADD 


2 
2 


0101 




1 


ADD 
NOP 


2 

1 


0110 




1 


NOP 
ADD 


1 
1 


0111 




1 


SUBT 
NOP 


3 
3 


1000 




1 


NOP 
ADD 


3 

3 


1001 




1 


ADD 
NOP 


3 
1 


1010 




1 


NOP 
ADD 


1 
1 


1011 




1 


SUBT 
NOP 


2 
2 


1100 




1 


NOP 
ADD 


2 
2 


1101 




1 


ADD 
NOP 


2 
1 


1110 




1 


NOP 
ADD 


'l 
1 


1111 




1 


SUBT 
NOP 


4 
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6.9 MALU CONTROL (HPFPP-A, Sheet 7) 

Data movement within the HPFPE is centered around the mantissa 
RLu! This element provides «'"<=h °f the gating^and all of the 
arithmetic operations required by the algorithms. The four 
functions performed by the MALU and the signals that control them 
are; 



The A bus is gated through the MALU unchanged. 
The B bus is gated through the MALU unchanged. 
The sum of the A bus and the B bus is produced. 
The difference between the A bus and the B bus 
is produced. 

These four signals are then decoded into the function 
lines (MS00:03) and the mode select (MMQDEi;. 



AONLY 
BONLY 
APLSB 
AHINB 



select 



6.10 MAI SHIFTER AND A LATCH 

ThP nurnose of the A Latch is to retain intermediate results of 
Splpr oceraUons! It is loaded through the MAL shifter which 
consists of the aImA and ALMB multiplexors and the 4-way shifter. 
5he Jl Is loadJd from the HAL shifter with each clock except 
during state 1 of multiply. 



ALMA: 



ALMB: 



4-way Shifter; 



The ALMA multiplexor is used exclusively for 
divide and can shift either the AL or the MAL 
one bit to the left. If the divide algorithm 
requires the difference of the operands 
shifted, the MAL is selected. If the partial 
remainder is to be shifted, the AL is 
selected. 

The ALMB multiplexor provides shifts of zero 
and left four bits. The zero shift is used 
for loads, add/subtract, etc., where the MAL 
must be kept unsealed. The shift left four is 
used to normalize the mantissa for a load or 
after a subtract or multiply. 

This shifter can shift the MAL to the right by 
one, two, three, or four bits. These shifts 
are required by the multiply algorithm, in 
addition, the shift right four is used for 
equalizing mantissas in add/subtract, and in 
rescaling the AL after 
add. 



mantissa overflow in 
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6. 11 MQ AND MQ SHIFTEK 



The M 

it s 

multi 

bits 

the 

shift 

MQ64 

stora 

of th 



ultiplier/Quotient (MQ) register is named for the function 
erves in the algorithms. During multiply operations, the 
plier is contained in the MO register and examined, four 
at a time, by the multiply controller (see Section 6.7). In 
divide algorithm, the quotient is formed in the MQ by 
ing the current quotient bit into MQ33 (single-precision) or 
(double-precision). The MQ also provides intermediate 
ge for memory reference operations by latching the contents 
e C bus on the transition to state 1. 



The MQ 4-way shifter is used to shift the MQ in the aiultiply 

algorithm to the right by one, two, three, or four bits. The MQ 

multiplexor can load the MQ from the B bus, or provide the shift 
left one required during a divide. 

6.12 AMX CIRCUIT 

The AMX controls the A input to the MALU. It can gate either the 
AL or the ASTK to the MALU or can be disabled to force the A bus 
to zeros. The AMX is disabled by ACHY1, which becomes active 
during state 3 after all operations, except storing and rounding, 
have been completed. Disabling the AMX on ACRY1 allows the MAL 
to be in APLSB mode so that AMX310 or AMX630 can be forced active 
to achieve rounding. 

The AMX is switched by AMXS1 (A-8F6). The ASTK is gated onto the 
A bus, except during multiply or during divide after the dividend 
has been gated to the AL. In these cases, the AL is gated onto 
the A bus to be iteratively added to or subtracted from the B 
bus. 



6.13 BMXA, BMXB CIRCUITS 



The BMXA and the BMXB gate data onto the B 
supplies data to the MQ register, the ASTK, 
input to the XALU and the MALU. 



bus. The B bus 
the BSTK, and the B 



Selection of either BMXA or BMXB is controll 
flip-flop (A-8E3, B-«01). This flip-flop is ini 
to select either BMXB, if the B operand is to 
(memory reference operation), or BMXA, if the 
floating-point (register-to-register operation), 
at all other times except during the first cl 
during a divide operation (to retrieve the guot 
and the first clock after state 1 during a 
add/subtract operation. If an operation resu 
then both sides of the flip-flop are forced high 
both multiplexors, and the B bus is forced to 
are then written into the ASTK and BSTK as the 
operation. This also occurs if the operat 
underflow and the PSW indicates that the underfl 
treated as an arithmetic fault. 



ed by 
tializ 
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6.14 ASTK, BSTK CIRCUITS 

The ASTK and BSTK are treated as a two-part register array, 
allowing simultaneous access of operands from different 
registers. They are always updated with identical data upon 
completion of each operation to ensure integrity. 

The ASTK is addressed by the AAD01:03 lines which are decoded 
from the YD field of the instruction register. The ^STK is 
addressed by the BADOV.OS lines which may be decodedfrom either 
the YE field or the YS field of the instruction register. The 
stack- are broken into two sets of eight registers by using the 
single/double-precision bit (SP1) to form AADOO and BADOO. 



Selection of the 3STK address is performed by the B address 




operationror~during state 3 of an add/subtract operation in 
which the B operand is greater than the A operand. 

The write pulses for the two register sets are generated by 
gating the HPFPP system clock (A-9F7). If the rounded-up result 
is required, the write pulses are delayed for one clock while 
rounding is performed. 

6.15 CONDITION CODE AND SIGN LOGIC (HPFPP-A, Sheet 9) 

In state 1, the register at 10K (A-9K6) latches the sign of the 
two operands, the relative magnitude of the two (BGT1), and the 
signal, AEQBCO, which indicates whether the two operands are 
egual. The output from this latch is used by the sign ROM at 09. 
(A-9M6) to generate the resultant sign for any HPFPP operation. 
The ECM also provides the condition code to the condition code 
multiplexor (10T, A-9H3) for compare operations. The condition 
code for operations other than compare is obtained from the 
operation status upon completion of the operatioa, and latched in 
the register at 11D (A-9K3). If the last operation was not a 
compare, this register provides the condition code to the 
condition code multiplexor. 

6.16 GUARD DIGITS AND ROUNDING LOGIC <HPFPP-B, Sheet 14) 

The HPFPP employs guard digits to prevent loss of accuracy due to 
normalization. The HPFPP uses two guard digits and ^ sticky bit 
to maintain the greatest accuracy attainable within the limits of 
its precision (see Appendix B). 
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In single-precision, the first and second guard digits are 
actually the first two digits of the double-precision portion of 
the KPFPP. Bit 32 of the resultant mantissa is used to round, 
and bits 08 to 31 are retained. In double-precision, the guard 
digits extend both the MALU and the AL. Bit 64 of the resultant 
mantissa is used in rounding and bits 08 to 63 are retained. 

The first double-precision guard digit is implemented the same as 
any other digit in the mantissa. Only the most significant bit 
of the second guard digit is implemented. This bit is used only 
to perform rounding when post-normalization positions it as the 
first guard digit. When it is necessary to normalize beyond one 
digit, the second and subsequent guard digits are zero (see 
Appendix B) . 

The sticky bit monitors data that is shifted out of the AL to the 
right. This can occur during equalization in add/subtract, or 
during multiply. If any data other than zero is shifted out, 
then the sticky bit sets and remains so. It indicates that 
somewhere out to the right there exists data which was lost and 
can no longer be accessed. If the operation is a subtract, the 
lost data is subtracted from zero and a borrow is generated. 

The result of an HPFPP operation is always rounded up at the end 
of an operation. The rounded result is retained, however, only 
if the rounding bit (bit 32 in single-precision and bit 6H in 
double-precision) is set and JAMO is not active. JAMO becomes 
active if the rounding bit is set, the remaining bits of the 
guard digits are zeros, and the sticky bit is not set. In this 
case, the least significant bit of the result is forced to a one 
to implement the R*-rounding technique (see Appendix C). 
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APPENDIX A 
FLOATING-POINT ARITHMETIC 



INTRODUCTION 

Floating-point is a means of representing a quantity in any- 
numbering system. For example, the decimal number 123 tbase - 
10), can be represented in the following forms: 



123.0 
1.23 
0.123 
0.0123 



X 10" 
X 102 

10^ 
10"* 



X 
X 



In this example, the decimal point moved; this is called a 
floating-point. In actual floating-point representation, the 
significant digits are always fractional and are collectively 
referred to as fractions. The power to which the base number is 
raised is called the exponent. For example, in the number .45678 
X 10^ , 45678 is the fraction and 2 is the exponent. Both tne 
fraction and the exponent 
representation such as: 



can be signed. In a floating-point 



(sign of fraction) (exponent) (fraction) 
the following representation applies: 



Number 

+32.94 

-23760000.0 

+0.000059 



Floating-point 

= +.3294 X 10^ 
= -.2376 X 10^ 
= +.59 X 10-* 



-0.0000000092073 = -.92073 x 10' 



+ 


+ 2 


3294 


> 


+ 8 


2376 


+ 


-4 


59 




-8 


92073 



■8T 



Large or small numbers can be easily expressed in f loatxng-point, 
making it ideally suitable for scientific computation. Note the 
compactness of floating-point notation in the previous examples. 

Floating-point representation in the processor is similar to the 
previous representation. The differences are: 

1. A hexadecimal, instead of decimal, numbering system is 
used. 

2. The physical size of the number is limited, therefore 
the magnitude and precision are limited. 
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APPENDIX A (Continued) 



DATA FORMATS 

Floating-point numbers occur in one of two formats: 

single-precision and double-precision. The single-precision 
format requires a fullword (32 bits). When such a value is 

contained in memory, it must exist on a fullword address 

boundary. The sign (S), exponent (X), and fraction (consisting 

of the digits F1, F2, F3, FU, F5, and F6) fields are designated 
as follows: 



1 



12 



F1 



F2 



16 



F3 



20 



FH 



24 



F5 



28 



31 



F6 



The double-precision format requires a doubleword (64 bits) 
When two general registers hold a double-precision value, an 
even/odd pair of general registers must be used. The 
even-numbered register contains the most significant 32 bits, and 
the next sequential odd register contains the least significant 
32 bits. The sign (S), exponent (X), and fraction (consisting of 
digits F1 through F14) fields are designated as follows: 



1 



12 



16 



20 



F1 



F2 



F3 



FH 



24 



F5 



28 



31 



F5 



32 



36 



40 



44 



48 



52 



56 



60 



F7 



63 



F3 



F9 



F10 



F11 



F12 



F13 



F14 



FLOATING-POINT NUMBER 



In the processor, a floating-point number is represented 
following form: 



in the 



Sign 


Exponent 


Fraction 



Sign 



The most significant bit of a floating-point number 
is the sign bit. The sign bit is zero for positive 
numbers and one for negative numbers. The 
floating-point value of zero always has a positive 
sign. 



A-2 
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APPENDIX A (Continued) 



Exponent 



The 7-bit field, bits 1:7, is designated as the 
exponent field. The exponent is expressed in 
excess-6U notation. The number in this field 
contains the true value of the exponent plus X 40 
(decimal 64). This helps to represent very small 
magnitudes between and 1. Some of the exponent 
values are as follows: 



Exponent in 
excess-6U 
notation 



00 
3F 
40 
41 
7F 



True 
exponent in 
hexadecimal 



-40 

-1 



1 

3F 



True 
exponent in 
decimal 



-64 

-1 



1 

63 



Multiply 
fraction by 



16 

16- 

16< 

16' 

16 



-40 



3F 



The exponent field for true zero is always 00. 



Fraction 



The fraction field is 6 hexadecimal digits for 
single-precision floating-point numbers thus 
limiting the precision), and 14 hexadecimal digits 
for double-precision floating-point numbers. As in 
any other fraction, the floating-point fraction is 
expressed with most precision when the most 
significant hexadecimal digit (not necessarily the 
most significant bit) is nonzero. The floating-point 
number with such a fraction is called a normalized 
floating-point number. In Perkin-Elmer P^°^essors, 
nortaallzed numbers are always used to obtain the 
maximum possible precision. 
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APPENDIX A (Continued) 



Examples; The following examples illustrate the sign, exponent, 
and fraction concept of a floating-point number: 



Numbers in Hexa- 
decimal integer- 
fraction notation 



Sign-exponent- 
fraction shown 
for clarity 



Single-precision 
floating-point numbers 



+1.3A25678 

-6.89F2C 

+1A.C39D21 

-3C1DF.82A3 

+ABCDEF12.9AC 

+0.0032A9CF2 

-0.000002C7B5 



s 


E 


F 







41 


13A25678 


4113A256 


1 


HI 


689F2C 


C1689F2C 





42 


1AC39021 


421AC39D 


1 


1*5 


3C1EF82A3 


C53C1DF8 





48 


ABCCEF129AC 


48ABCDEF 





3E 


32A9CF2 


3E32A9CF 


1 


3B 


2C7B5 


BB2C7B50 



Floating-Point Number Range 

is^as^follows^^^''^^'^*^^ ^"^ °^ a normalized floating-point number 

Single precision; 16"^^ < m < ( 1 - 16"^) * 16^"* 

Double precision: ig-es < u < (1 - le"''*) * le^'* 

Approximately for both: 5.4 * To-7^ ^ M ^ 7.2 * 10^5 

Table A-1 shows the floating-point range in relation to the 

tlxed-point range, along with the decimal values. 



TABLE A-1 FLOATING/FIXED-POINT RANGES 



1173 



FLOATING-POINT 
NUMBERS 



(most negative) FFFF FFFF 



C880 0000 
cm 0000 



(least negative) 8010 0000 

(true zero) 0000 0000 

(least positive) 0010 0000 

4110 0000 

487F FFFF 

(most positive) 7FFF FFFF 



FIXED-POINT 
INTEGER 



DECIMAL 
NUMBERS 



8000 0000 (most negative) 
FFFF FFFF (least negative) 



0000 0000 



0000 0001 (least positive) 
7FFF FFFF (most positive) 



± 



-7.2* 10^5 



-2 147 1»83 648 
-1 



-5.4*10-79 



+ 5.4*10-^9 

+ 1 

+2 147 483 647 
+7.2*10^5 
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APPENDIX A (Continued) 



Normalization 

Normalization is a process of making nonzero the most significant 
digit (F1) of the fraction of a floating-point number. ■'-".^■t^^ 
normalization process, the floating-point fraction is shifted 
left hexadecimally (i.e., four bits at a time), and its exponent 
is decremented by one for each hexadecimal shift until the most 
significant digit' (not necessarily the most significant bit) of 
the fraction is nonzero. 



1174 



r 



FRACTION 

____/v 



~N 



EXPONENT 



F1 



F2 



F3 



FU 



F5 



F6 



SHIFT LEFT FRACTION HSXADECIMALLY UNTIL F1>0 
DECREMENT EXPONENT BY ONE FOR EACH SHIFT 

Except for the load instructions, all floating-point operations 
assume and require normalized operands for consistent results. 
The load instructions normalize an unnormalized operand. 



Example; 

Operands 



After normalization 



1. 
2. 

3. 
4. 



42012345 
21000ABC 
C900FE12 
6C000000 



41123450 
1EABC000 
C7FE1200 
00000000 (true zero) 



In Example 4, the fraction of the operand is zero. During the 
normalization process, such a fraction is detected, and the 
floating-point number is set to true zero. 

Normalized results are always produced in floating-point 
operations, assuming the operands are normalized. Results ot 
operations between unnormalized numbers are undefined. 
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APPENDIX A (Continued) 



Equalization 

Equalization is a process of equalizing exponents of two 
floating-point numbers. The fraction of the floating-point 
number with the smaller exponent is shifted right hexadecimally 
(i.e., four bits at a time), and its exponent is incremented by 
one for each hexadecimal shift until the two exponents are equal. 



1175 



INCREMENT EXPONENT BY ONE FOR EACH SHIFT 

SHIFT FRACTION RIGHT HEXADECIMALLY UNTIL 
EXPONENTS EQUAL 



EXPONENT 



V. 



F1 



F2 



F3 



F4 



F5 



F6 



s/ 

FRACTION 



J 



During floating-point , addition and 
floating-point operands are equalized. 



subtraction, the 



two 



Example: 



Floating-point 
operands 



After equalization 



1. 



43123456 
3F789ABC 



43123456 
43000078 



2. 



C7FE1234 
4956789A 



C900FE12 
4956789A 



In this example, normalized floating-point numbers are shown 
because addition and subtraction require normalization. If the 
exponents differ by more than 6 for single-precision or more than 
14 for double-precision, the representable significance of the 
lower exponent floating-point number is lost in the process of 
equalization. Digits shifted out are shifted through the guard 
digits and may still have an effect on tlie result, sum, or 
difference. 
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APPENDIX A (Continued) 



True Zero 

A floating-point number is true zero when the exponent and the 
fraction fields are all zeros; therefore, all data bits must be 
zero. A zero value always has a positive sign. In general, zero 
values participate as normal operands in all floating-point 
operations. 

A true zero may be used as an operand. It may also result from 
an arithmetic operation that caused an exponent underflow, in 
which case the entire number may be forced to true zero. If an 
arithmetic operation produces a result whose fraction digits are 
all zeros (sometimes referred to as loss of significance), the 
entire number is forced to true zero. 



Examples; 
Numbers 



Operation 



Result 



Reason 



03000CAB 



normalize 



0000 0000 



exponent 
underflow 



U1ABCDEF 
41ABCEEF 



subtract 



0000 0000 



loss of 
significance 



Exponent Overflow 

In floating-point operations, exponent overflow occurs "hen a 
resulting exponent is greater than +63. If overflow occurs, the 



result register is unchanged. The condition code is ^e^ w 
reflect the overflow situation and the resulting sign. Figure 
A-1 illustrates exponent overflow using a line representation of 
numbers. 



MOST NEGATIVE 
NUMBER 



FFFFFFFF 



TRUE 
ZERO 



MOST POSITIVE 
NUMBER 



7FFFFFFF 






EXPONENT = 7F 
I 63 



10 J 



OVERFLOW 



UNDERFLOW 
RANGE 



[■ 



EXPONENT 



7F 
63 



^o] 



OVERFLOW 



Figure A-1 Exponent Overflow 
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APPENDIX A (Continued) 



If overflow occurs, the V flag in the condition code is set, and 
an arithmetic fault interrupt is taken. Exponent overflow 
interrupts cannot be disabled. 

Exponent Underflow 

The normalization process, during a floating-point operation, may 
produce an exponent underflow. This underflow occurs when a 
result exponent is less than -64. Figure A-2 illustrates 
exponent underflow using a line representation of numbers. 



610 



LEAST NEGATIVE 
NUMBER 



■4^- 



80100000 



TRUE 
ZERO 



LEAST POSITIVE 
NUMBER 



-4h- 



0010000 



t 



EXPONENT = 00 
= -64 



J 



r EXPONENT = 00 
|_ = -64 



10 



UNDERFLOW 



UNDERFLOW 



Figure A-2 Exponent Underflow 



If underflow occurs, an arithmetic fault interrupt is taken, if 
enabled by the current PSW. Both operands remain unchanged. If 
underflow is disabled by the current PSW, the result is forced to 
zero (the closest possible answer), the V flag in the condition 
code is set, and the next sequential instruction is executed. 

Guard Digits and R*-Rounding 

When an intermediate floating-point result has been formed, it 
consists of a sign, an exponent, and a fraction field. The 
fraction field is extended by a number of guard digits containing 
the least significant fraction digits of the intermediate result. 
Before the result is copied to a destination, it is rounded to 
compensate for the loss in the final result of the guard digits. 
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APPENDIX A (Continued) 

The rules for the R*-rounding scheme are; 

• If the most significant guard digit is hexadacimal 7 or less, 
no rounding is performed. (See Example 1.) 

• If the most significant guard digit is hexadecimal 8, and all 
other guard digits are 0, the least significant bit of the 
final result is forced to 1. (See Example 2.) 

• If the most significant guard digit is hexadecimal 8, and 
another guard digit is nonzero, or if the most significant 
guard digit is hexadecimal 9 or greater, 1 is added to the 
fraction field of the final result. (See Example 3.) If 
this addition produces a carty-out of the fraction field 
(i.e., fraction field was all Is), the result exponent is 
incremented by 1, the most significant fraction digit (F1) is 
set to hexadecimal 1, and all other fraction digits are set 
to 0. (See Example 4.) Note that exponent overflow could 
occur as the result of rounding. 

Examples of R*-Rounding 

Intermediate Result Final Single-Precision 

Result 

1. 42ABCD12 32680000 H2ABCD12 

2. C1183756 80000000 C1183757 

3. 3E265739 80100000 3E26573A 

4. 41FFFFFF FOOOOOOO 42100000 



Conversion from Decimal 

To convert a decimal number into the excess-64 notation used 
internally by the processor, the following steps must be taken: 

1. Separate the decimal integer from the decimal fraction; 

182.375,o=(182 + .375),o 

2. Convert each part to hexadecimal by referring to the 
integer conversion table and the fraction conversion 
table in Appendix D. 

182|o * B6|6 ,375|o =.6|6 

3. Combine the hexadecimal integer and fraction: 

B6.616 = (B6.6X16°)i6 
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APPENDIX A (Continued) 

^, Shift the radix point: 

(B6.6X16°),6 =(.866X162), 6 

5. Add 64 (X'UO') to the exponent: 

40,6 +2|6 =^2,6 

6. Convert the exponent field and fractions to binary 
allowing 1 bit for the sign, 7 bits for exponent field, 
and 24 or 56 bits for the fraction. 

42B66 = 0100 0010 1011 0110 0110 0000 0000 0000 
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APPENDIX B 
GUAPD DIGITS 



To clarify the 'role of guard digits in floating-point machine 
arithmetic, several factors must be considered. The notation 
used in the following discussion is as follows: 



1 ; 

g: 
q: 



number of digits in the fraction portion of a 

floating-point number 

number of guard digits 

number of equalization or alignment shifts 



In normalized floating-point multiplication, the unnormalizei 
product can have, at most, one leading zero. This requires a 
post normalization left shift of one digit. For this reason, 
multiElication requires a 2f+1. digit result register to produce 
an exact result. If rounding is used to obtain an f digit 
product, f+2 digits must be developed, one for post normdlization 
and one for rounding. 



Norma 

m u 1 1 i 

post 

digit 

mixed 

guard 

multi 

The 

q=0, 

would 

helpe 

can h 

digit 

norma 

round 



lized 

plica t 

norma 

is of 

signs 

digi 

plicat 

£ubtra 

no ali 

be 
d by g 
ave a 
can 
lizing 
ing th 



fl 
ion . 
lizat 
valu 
(+ a 
t ma 
ion. 
hend 
gnmen 
of n 
uard 
maxim 
be 
the 
e res 



oating-point addition is trickier than 

If all the terms to be summed are positive, all 

ion shifts are to the right, so only one guard 

e in rounding. If the terms in the sums are of 

nd -), then more guard digits may be of use. One 

Y be of use for post normalization, as in 

For instance, if forming A-B, assume that B<=R. 

R is aligned by a right shift of q>=0 digits. If 

t shift has occurred, therefore guard digits 

o help. If q>=1/ the subtrahend shift could be 

digits. In this case, due to borrows, the result 

um of one leading zero digit; thus one guard 

used to hold the digit which may be returned when 

result. Another guard digit would be useful for 

ult. 



?, thjrd use for guard digits is in mixed sign summations. Notice 
that a minuend of the form 10.. .0 could have a very small number 
subtracted from it. This would lead to a very long sequance of 
borrows; thus, the following hexadecimal subtraction with f-6 and 
g=5 makes good use of all five guard digits: 



1 
































A 












1 














1 


B 



OFFFFE FFFFF 
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APPENDIX B (Continued) 



Any number of guard digits (within the range necessary for 
representable numbers) could be used; however, the number of 
guard digits can be limited by a careful analysis of the borrow 
process. 

In the case of binary subtraction, any sequence of borrows 
propagates from right to left across a sequence of zeros in the 
minuend until a one appears in the minuend. At this point, the 
borrow sequence stops. The difference bits generated in this 
process are a one at the right end and then a sequence of one and 
zeros, which are the complements of the corresponding bits in the 
subtrahend . 

Since the g low-order digits of the minuend are always zero, the 
number of guard digits (g) can be limited to three by using a 
special trick in the third digit. The low-order third guard 
digit is defined as a sticky bit with the property that if a one 
is ever shifted into it during an alignment, it is set to one; 
otherwise, it remains a zero. In renormalizing, a maximum of one 
digit can be shifted to the left so the second digit takes part 
in rounding. The third is not used, except in the case of 
R*-rounding, where it can be used to test if all shif ted-through 
digits have been zero. Any borrow sequences are generated by the 
sticky bit to its left, the same as they would be if more guard 
digits were present. 
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APPENDIX C 
R*-ROUNDING 



When performing floating-point operations, it is often necessary 
to dispose of extra low-order digits. This allows fast and 
inexpensive implementation in hardware, Y^^^'^^^f^i^^^ °f 
numerically high quality. The following discussion relates to a 
floating-point number which consists of a fractional mantissa of 
f digits with g extra digits to be disposed. The result is t 
digits which are used in succeeding calculations to represent the 
original f+g digits. 

In conventional rounding, an amount is added to the f+g digits 
egual to 1/2 in the last of the f digits and the original f 
digits are then retained. For example, 7.FF + :8 - 8.7F, so » is 
retained while 7.7F + .8 = 7.FF, so 7 is retained. The maximum 
error Is incurred with a case such as 7.8 +.8=8, and is egual 
to 1/2 in the last retained digit in f . 

AS shown in Figure C-1, round (x> is nearly symmetric with 
respect to the ideal line. However, the dots above the ideal 
line indicate that rounding up always takes place at the points 



exactly halfway between the x and y values. Thus, over a long 
lllllnL of operations, a slight Positive bias ij -Pected 
because all of these dots are above the ideal line. Table u i 
Shows the digits of f and g=2 bits. By. summing the absolute 
error in all possible cases, the total bias is obtained. For any 
g, there is a pairing of positive and '^«?^Ji^« ^'i^^^^' /^^^ ,^3! 
10... case in the center; thus, a total bias of 1/2 in the last 
retained digit of f is obtained. 
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APPENDIX C (Continued) 



1176 



ROUND (X) 




DEAL 



Figure C-1 Round (X) Plot 



TABLE C-1 TOTAL BIAS 



NUMBER REPRESENTED 


ROUNDED RESULT 


f 

2 X ERROR 


-f . -(f+1) -(f+2) 
2.2 2 


-f 
2 






-1/4 

1 - 1/2 = 1/2 

1 - 3/4 = 1/4 


X . 
X . 1 
X .' 1 
X.I 1 


X 
X 

X 

X 




Total Bias = 1/2 



C-2 
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APPENDIX C (Continued) 



R*-rounding operates the same as rounding, except when the g 
digits have the form 10. ..0. . As indicated in Figure C-2, 
alternate representable floating-point numbers are forced to lie 
on intervals which are closed at . both ends. Therefore the 
"exactly one-half" values are treated in a symmetric way. Half 
the dots are above the ideal and half are below. 



1177 



R*(X) 




IDEAL 



Figure C-2 R* (X) Plot 



In hexadecimal, the 80. ..0 case is detected and a 1 is ORed into 
the last retained digit of f. Figure C-1 shows that the bias is 
removed by this procedure. If the low-order bit of f is a 1, 1/2 
is truncated, so this case is biased by -1/2. If the low-order 
bit of f is a 0, 1 is added and 1/2 is dropped, so this case is 
biased by +1/2. The sum of these two cases is zero, giving the 
R* scheme a total bias of zero. 
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APPENDIX D 
ARITHMETIC REFERENCES 



TABLE D-1 POWERS OF TWO 

1024 



1,0 

1 0.5 

2 0.25 

3 0.125 

4 0.062 5 

5 0.031 2S 

6 0.015 625 

7 0.007 812 5 

8 0.003 906 25 

9 0.001 953 125 

10 0.000 976 562 5 

11 0.000 488 281 25 

12 0.000 244 140 625 

13 0.000 122 070 312 5 

14 0.000 061 035 156 25 

15 0.000 030 517 578 125 

16 0.000 015 258 *?89 062 5 

17 0.000 007 629 394 531 25 

18 0.000 003 814 697 265 625 

19 0.000 001 907 348 632 812 5 

20 0.000 000 953 674 316 406 25 

21 0.000 000 476 837 158 203 125 

22 0.000 000 238 418 579 101 562 5 

23 0.000 000 119 209 289 550 781 25 

24 0.000 000 059 604 644 775 390 625 

25 0. 000 000 029 802 322 387 695 312 5 

26 0.000 000 014 901 161 193 847 656 25 

27 0.000 000 007 450 580 596 923 828 125 

28 0.000 000 003 725 290 298 461 914 062 5 

29 0. 000 000 001 862 645 149 230 957 031 25 

30 0.000 000 000 931 322 574 615 478 515 625 

31 0.000 000 000 465 661 287 307 739 257 812 5 

4 294 967 296 100 000 000 32 0. 000 000 000 232 830 643 653 869 628 906 25 

8 589 934 592 200 000 000 33 0.000 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 400 000 000 34 0.000 000 000 058 207 660 913 467 407 226 562 5 

34 359 738 368 800 000 000 35 0.000 000 000 029 103 830 456 733 703 613 281 25 

68 719 476 736 1000 000 000 36 0.000 000 000 014 551 915 228 366 851 806 640 625 

137 438 953 472 2 000 000 000 37 0.000 000 000 007 275 957 614 183 425 903 320 312 5 

274 877 906 944 4 000 000 000 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 

549 755 813 888 8 000 000 000 39 0.000 000 000 001 818 989 403 545 856 475 830 078 125 

1 099 511 627 776 10 000 000 000 40 0.000 000 000 000 909 494 701 772 928 237 915 039 062 5 





(2")10 


n 
(2 )16 






1 


X 






2 


2 






4 


4 






8 


8 






16 


10 






32 


20 






64 


40 






128 


80 






256 


100 






512 


200 




1 


024 


400 




2 


048 


800 




4 


096 


1 000 




8 


192 


2 000 




16 


384 


4 000 




32 


768 


8 000 




65 


536 


10 000 




131 


072 


20 000 




262 


144 


40 000 




524 


288 . 


80 000 


1 


048 


576 


100 000 


2 


097 


152 


200 000 


4 


194 


304 


400 000 


8 


388 


608 


800 000 


16 


777 


216 


1 000 000 


33 


554 


432 


2 000 000 


67 


108 


864 


4 000 000 


134 


217 


728 


8 000 000 


268 


435 


456 


10 000 000 


536 


870 


912 


20 000 000 


1 073 


741 


824 


40 000 000 


2 147 


483 


C48 


80 000 000 
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TABLE D-2 POWERS OF SIXTEEN 



1022 






16" 








n 














1 

















16 


1 














256 


2 












4 


096 


3 












65 


536 


4 










1 


048 


576 


5 










16 


777 


216 


6 










268 


435 


456 


7 








4 


294 


967 


296 


8 








68 


719 


476 


736 


9 






1 


099 


511 


627 


776 


10 






17 


592 


186 


044 


416 


11 






281 


474 


976 


710 


656 


12 




4 


503 


599 


627 


370 


496 


13 




72 


057 


594 


037 


927 


936 


14 


] 


152 


921 


504 


606 


846 


976 


15 


V^ 














J 



Decimal Values 



TABLE D-3 HEXADECIMAL TO DECIMAL INTEGER CONVERSION 



1023 



BY1 


CE 


BY 


TE 


HEX 


DEC 


HEX 


DEC 


HEX 


DEC 


HEX 


DEC 


























1 


4,096 


1 


256 


1 


16 


1 


1 


2 


8,192 


2 


512 


2 


32 


2 


2 


3 


12,288 


3 


768 


3 


48 


3 


3 


4 


16,384 


4 


1,024 


4 


64 


4 


4 


5 


20,480 


5 


1,280 


5 


80 


5 


5 


6 


24,576 


6 


1,536 


6 


96 


6 


6 


7 


28,672 


7 


1,792 


7 


112 


7 


7 


8 


32,768 


8 


2,048 


8 


128 


8 


8 


9 


36,864 


9 


2,304 


9 


144 


9' 


9 


A 


40,960 


A 


2,560 


A 


160 


A 


10 


B 


45,056 


B 


2,816 


B 


176 


B 


11 


C 


49,152 


C 


3,072 


C 


192 


C 


12 


D 


53,248 


D 


3,328 


D 


208 


D 


13 


K 


57,344 


E 


3,584 


E 


224 


E 


14 


F 


61,440 


F 


3,840 


F 


240 


F 


15 



D-2 
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APPENDIX D (Continued) 
TABLE D-4 HEXADECIMAL ADDITION AND SUBTRACTION 

Examples: 5+A = F; 18-D = B; A+B = 15 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




i 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


7 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


8 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


9 


A 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


A ■ 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


B 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


,19 


lA 


IB 


C 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


IC 


D 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


IC 


ID 


E 


F 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


IC 


ID 


IE 


F 




1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





TABLE D-5 HEXADECIMAL MULTIPLICATION AND 

Examples: 5x6 = IE; 75 -^D =^ 9; 58 -r8 = B; 9xC = 6C 



DIVISION 





1 


2 


3 


4 


3 


6 


7 


. 8 


9 


A 


B 


C 


D 


E 


F 




1 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


. D 


E 


F 


1 


2 


2 


4 


6 


8 


A 


C 


E 


10 


12 


14 


16 


18 


lA 


IC 


IE 


2 


3 


3 


6 


9 


C 


F 


12 


15 


18 , 


IB 


IE 


21 


24 


27 


2A 


2D 


3 


4 


4 


S 


C 


10 


14 


18 


10 


20 


24 


28 


2C 


30 


34 


38 


3C 


4 


5 


5 


A 


F 


14 


19 


IE 


23 


28 


2D 


32 


37 


3C 


41 


46 


4B 


5 


6 


6 


C 


12 


18 


IE 


24 


2A 


30 


36 


3C 


42 


48 


4E 


54 


5A 


6 


7 


7 


E 


15 


IC 


23 


2A 


31 


38 


3F 


46 


4D 


54 


5B 


62 


69 


7 


8 


8 


10 


18 


20 


28 


30 


38 


40 


48 


50 


58 


60 


68 


70 


78 


8 


9 


9 


12 


IB 


24 


2D 


36 


3F 


48 


51 


5A 


63 


6C 


75 


7E 


87 


9 


A 


A 


14 


IE 


28 


32 


3C 


46 


50 


5A 


64 


6E 


78 


82 


8C 


96 


A 


B 


B 


16 


21 


2C 


37 


42 


4D 


58 


63 


6E 


79 


84 


8F 


9A 


A5 


B 


C 


C 


18 


24 


30 


3C 


48 


54 


60 


6C 


78 


84 


90 


9C 


A8 


B4 


n 


D 


D 


lA 


27 


34 


41 


4E 


5B 


68 


75 


82 


8F 


9C 


A9 


B6 


C3 


D 


E 


E 


IC 


2A 


38 


46 


54 


62 


70 


7E 


8C 


9A 


A8 


B6 


C4 


D2 


E 


F 


F 


IE 


2D 


3C 


4B 


5A 


69 


78 


87 


96 


A5 


B4 


C3 


D2 


El 


F 




1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 
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TABLE D-6 MATHEMATICAL CONSTANTS 



1019 



CONSTANT 


DECIMAL VALUE 


HEXADECIMAL 
VALUE 


FLOATING POINT VALUE 


It 


3.14159 


26535 


89793 


23846 


3.243F 6A88 


DOUBLE PRECISION 


SINGLE PRECIS 


ION 
A888 


\ 

5A31 


4132 


43F6 


TT-I 


0.31830 


98861 


83790 


67154 


85A3 08D3 
0.517C C1B7 


4051 


7CC1 


B727 


220B 


■fn 


1.77245 


38509 


05516 


02730 


2722 0A95 
1.C5BF 891 B 


411C 


5BF8 


91B4 


EF6B 


Ln 7! 


1.14472 


98858 


49400 


17414 


4EF6 AA7A 
1.250D 04 8E 
7A1B DOBD 


4112 


B67A 


E858 


4CAA 


/3 


1.73205 


08075 


68877 


29353 


1.BB67 AE85 
84CA A73B 


411B 


67AE 


8584 


CAA7 


e 


2.71828 


18284 


59045 


23536 


2.B7E1 5162 
8AED 2A6B 


412B 


7E15 


1628 


AED3 


e-1 


0.36787 


94411 


71442 


32160 


0.5E2D 58D8 
B3BC OF IB 


405 E 


2D58 


D8B3 


BCDF 


Je 


1.64872 


12707 


00128 


14683 


1.A612 98E1 
E069 BC97 


411A 


6129 


8E1E 


069C 


loQioe 


0.43429 


44819 


03251 


82765 


0.6F2D EC54 
9894 38CB 


406 F 


2DEC 


5A9B 


9439 


10926 
7 


1.44269 
0.57721 


50408 
56649 


88963 
01532 


40736 
86061 


1.7154 7652 

B82F El 77 

0.93C4 67E3 


4117 
4093 


1547 
C467 


6528 
E37D 


82FE 
B0C8 


Ln7 
/2 


-0.54953 
1.41421 


93129 
35623 


81644 
73095 


82234 
04880 


7DB0 C7A5 

-0.8CAE 9BC1 

1F5A 5FF4 

1.6A09 E667 

F3BC C909 


C08C 

4116 


AE9B 
A09E 


C11F 

667 F 


5A60 
3BCD 


Ln2 


0.69314 


71805 


59945 


30942 


0.B172 17F7 
D1CF 79AC 


40B1 


7217 


F7D1 


CF7A 


Iogio2 


0.30102 


99956 


63981 


19521 


0.4D10 4D42 
7DE7 FBCC 


4040 


104D 


427D 


E7FC 


/10 


3.16227 


76601 


68379 


33199 


3.298B 075B 
4B6A 5240 


4132 


98B0 


75B4 


B6A5 


LnIO 


2.30258 


50929 


94045 


68402 


2.4D76 3776 
AAA2 B05C 


4124 


D763 


776A 


AA2B 
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APPENDIX D (Continued) 
TABLE D-7 INTEGER CONVERSION 



1017 



Haxodccimcil and Deel 


TKil Integer Converaion 


Table 
























HALFWORD I 






HALFWORD 








BYTE 


BYTE 


BYTE 


BYTE 


BITS: 0123 


4567 


0123 


4567 


0123 


4567 




0123 




4547 


Hex 


Dacimol 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 










'0 








































268,435,456 


1 


16,777,216 


1 


1,048,574 


1 


65,536 


I 


4,096 


1 


256 


1 


16 


1 


1 




536,8?6;9li 


4 


33,554,432 


2 


2,097,152 


2 


131,072 


2 


8,192 


2 


512 


2 


32 


2 


2 




OOJ 306,3M 


3 


ib, 431, 648 


3 


3, 145; 728 


3 


196,608 


3 


12,288 


3 


768 


3 


48 


3 


3 




i.m.74].iU 


4 


47; 108,864 


4 


4,194,304 


4 


262,144 


4 


16,384 


4 


1,024 


4 


. 64 


4 


4 




1,342,177,280 


5 


83,886,080 


5 


5,242,880 


5 


327,680 


5 


20,480 


5 


1,280 


5 


80 


5 


5 




1 At64(2,734 


6 


100, 463; 296 


6 


4,2*1,454 


4 


3«,2I6 


6 


24,576 


6 


1,536 


6 


94 


4 


6 




( 8WM8 1« 


f 


117,446 514 


7 


7;340'032 


7 


458,752 


7 


28,672 


/ 


1,792 


/ 


112 


/ 


7 




2'l47',483,648 


8 


134,4l7'.728 


8 


8,388,606 


8 


524,288 


8 


32,768 


8 


2,048 


8 


128 


U 


8 




2 4l5 9l» IM 


♦ 


l56,**4;«44 


* 


*;437,l84 


9 


589,824 


9 


36,864 


9 


2,304 


9 


144 


9 


9 




i,6a.iS4.&io 


A 


167, 772; 160 


A 


10,485,760 


A 


655; 340 


A 


40,960 


A 


2,560 


A 


140 


A 


10 


B 


i.m.w.M 


B 


184,54*;376 


B 


11:534; 336 


B 


720,896 


B 


45,056 


B 


2,816 


B 


174 


B 


11 


r 


3!221, 225^472 


C 


201,326,592 


C 


12,582,912 


C 


786,432 


C 


49.152 


C 


3,072 


C 


192 


C 


12 


n 


3,489,660,928 





218,103,808 


D 


13,631,488 





851,968 


D 


53,248 


D 


3,328 


D 


208 


D 


13 


E 


i,7id,»6,i6* 


E 


234,881,024 


E 


14,680,064 


E 


917,504 


E 


57,344 


E 


3,584 


b 


224 


t 


14 


F 


4,024 531,846 


f 


251,458,246 


F 


15728 640 


F 


*63,040 


F 


61,440 


y 


3,840 


h 


240 


h 


15 


8 


7 


6 


5 


4 


3 


2 


t 



1025 

TO CONVERT HEXADECIMAL TO DECIMAL 

1 . Locate Ihe column of decimal numben corresponding lo 
the left-most digit or letter oF the hexadecimal; select 
from this column and record the number that corresponds 
to the position of the hexadecimal digit or letter. 

2 . Repeat step 1 for the next (second from the left) 
position . 

3. Repeat step 1 for the units (third from the left) 
position . 

4. Add the numbois selected from the table to form the 
decimal number. 



1026 

TO CONVERT DECIMAL TO HEXADECIMAL 

1 . (a) Select from the table the highest decimal number 
that is equal to or less thon the number to be con- 
verted. 

(b) Record the hexadecimal of the column contoining 
the selected number. 

(c) Subtroct the selected decimal from the number to 
be converted. 

2. Using the remainder from step 1(c) repeat all of step 1 
to develop the second position of the hexadecimal 
(and a remainder) . 



3. 



Using the remainder from step 2 repeat all of step 1 to 
develop the units position of the hexodecimat . 



EXAMPLE 




Conversion of 
Hexadecimal Value 


D34 


1. D 


3328 


2. 3 


48 


'3. 4 


4 


4. Decimal 


3380 



To convert integer numben greater than the capacity of 
table, use the techniques below: 

HEXADECIMAL TO DECIMAL 

Successive cumulative multipttcation from left to right, 

adding units position . 



Exomple: C>34i6 ™ 3380^q 






EXAMPLE 




Conversion of 
Decimal Value 


3380 


1. D 




-3329 
52 


2. 3 




-48 
4 


3. 4 

4. Hexadecimal 


-4 


D34 



DECIMAL TO HEXADECIMAL 

Divide and collect the remainder in reverse order. 

Example: 3380. q- X.. 

16 I 3380 - ^ remainder 




3380|o=D34 



16 



4. Combine terms to form the hexadecimal number. 



29-70E ROO 10/79 



D-5 



APPENDIX D (Continued) 



TABLE D-8 FRACTION CONVERSION 



1018 



Haxodacimal and Decimal Fraction Conversion Toble 



HALFWORD | 


BYTE 


BYTE 1 


BITS 


0123 




4567 


0123 


4567 


Hex 


Decimal 


Hex 


Decitnol 


Hex 


Decimal 


Hex 




Decimo 


Equivalent 




.0 


.0000 


.00 


.0000 


0000 


.000 


.0000 


0000 


0000 


.0000 


.0000 


0000 


0000 


0000 


.1 


.0625 


.01 


.0039 


0625 


.001 


.0002 


4414 


0625 


.0001 


.0000 


1525 


8789 


""0655 


,2 


.1250 


.02 


.0078 


1250 


.002 


.0004 


8828 


1250 


.Md2 


.OOM 


3051 


"'7578 


12 JO 


.3 


.1875 


.03 


.0117 


1875 


.003 


.0007 


3242 


1875 


,0003 


.0000 


■ 4577 


6367 


■ 1875 


.4 


.2500 


.04 


.0156 


2500 


.004 


.0009 


7656 


2500 


.0004 


.0000 


6103 


5156 


2500 


.5 


.3125 


.05 


.0195 


3125 


.005 


.0612 


im 


3l45 


.0005 


.0066 -" 


7629 


3945 "" 


'im 


.6 


.3750 


.06 


.0234 


3750 


.006 


.0014 


6484 


3750 


.0006 


.0000 


9155 


2734 


3750 


.7 


.4375 


.07 


.0273 


4375 


.007 


.0017 


0898 


4375 


.0007 


.0001 


mi ' 


1523 


43« 


.8 


.5000 


.06 


.0312 


5000 


.008 


.0019 


SJlJ 


SM 


.MA 


.6661 


■■ 2507 


03)2 


5060 


.9 


.5425 


.09 


.0351 


5625 


.009 


.0021 


9726 


5625 


.060* 


.0001 


3732 


9lOl 


5625 


.A 


.6250 


.OA 


.0390 


6250 


.OOA 


.0024 


4140 


6250 


.OOOA 


.0001 


5258 


7890 


6250 


.B 


.6875 


.OB 


.0429 


6875 


.008 


.0026 


8554 


6875 


.OOOB 


.0001 


6784 


" 6679 


6675 


.C 


.7500 


.OC 


.0468 


7500 


.OOC 


.0029 


2968 


7500 


.OOOC 


.0001 


8310 


5468 


75o0 


•t> 


.8125 


.00 


.0507 


8125 


.000 


.0031 


7382 


8125 


.0000 


.0001 


9836 


4257 


8125 


.E 


.8750 


.OE 


.0546 


8750 


.OOE 


.0034 


1796 


8750 


.OOOE 


.0002 


1362 


3046 


am 


.F 


.9375 


.OF 


.0585 


9375 


.OOF 


.0036 


6210 


9375 


.OOdF 


.0002 


2838 


1835 


*375 


1 


2 


3 


1 



TO CONVERT .ABC HEXADECIMAL TO DECIMAL 

Find .A in position 1 .6250 

Find .08 in position 2 .0429 6875 

Find .OOC in position 3 .0029 2968 7500 

.ABC Hex is equal to .6708 9843 7500 

TO CONVERT . 13 DECIMAL TO HEXADECIMAL 

1 . Find .1250 next lowest to 

subtract 

2. Find .0039 0625 next lowest to 

3. Find .0009 7656 2500 

4. Find .0001 0681 1523 4375 




.0010 9375 0000 
-.0009 7656 2500 

.0001 1718 7500 0000 
-.0001 0681 1523 4375 



= .2 Hex 
= .01 
= .004 
.0007 



.0000 1037 5976 5625 
5. 13 Decimal !i approxitnately equal to 



.21 47 Hex 



To convert fractions beyond the capacity of table, use techniques below; 



HEXADECIMAL FRACTION TO DECIMAL 

Convert the hexadecimal fraction to its decimal equivalent using the same 
technique as for integer numbers. Divide the results by 16" (n is the 
number of fraction positions). 
Example: .8A7 -.540771]o 



8A7,4 
163 



2215,0 
4096 



.540771 
409612215.000000 



DECIMAL FRACTION TO HEXADECIMAL 

Collect integer parts of product in the order of calculation. 

Example: .5408io ^ .8A7)a 

.5408 
x16 
-«- [1.6528 

- xl6 



y.4448 

x16 

[3.1168 



D-6 
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B 


D 
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READ 
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F D D 
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D 


D 


D 


LOAD 


3 


F B D 
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F 


B 


D 


D 


COMPARE 


a 


F 7 D 
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F 


7 


D 


D 


ADD 


5 


F 7 D 
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7 


D 


D 
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F F D 
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Figure E-1 19-142^67 HPFPP State Control ROM 
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Figure E-2 19-188F21 HPFPP Very Great BOM 
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Figure E-3 19-188F30 HPFPP CC ROM 
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APPENDIX F 
HPFPP-A MNEMONIC LIST 



The following lis't provides a brief description of each mnemonic 
found on the HPFPP-A. The source of each signal, on Schematic 
Drawing 35-715D08, is also provided. 

SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

AAD00:30 A stack address lines. These address 12K1,12K2 
lines address a particular register 
in the A register stack. Bit 00 
determines whether single- or 
double-precision registers are 
being addressed. 

AAD01:31 A stack address lines. These address 12J1,12J2 
lines originate on HPFPP-B. They are 
buffered to form the HPFPP-A A stack 
address lines. 

AB080 This is bit 08 of the A bus which 13G8 
comes from the A multiplexor and 
feeds the A side of the mantissa 
ALU. It is also used to set the 
carry bit in divide (K071). 

ACLK0/1/1A These are the main system clocks 4N6,4N7 
used throughout the HPFPP to clock 
control elements. ACLK1 and ACLK1A 
are decoded from EACLKO. ACLKO is 
decoded from ACLK1. 

ACRYO/1 After XCEY. This is XCRY0/XCRY1 8F8 

delayed by one clock. 

AEQB1 This signal indicates that the 13J3 

mantissa of the A operand is equal 
to the mantissa of the B operand 
on HPFPP-A (bits 08:31). 
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MNEMONIC 



AEQB1C 



AEQBCC 



AL08:32 



ALCKO 



ALHAS1 



ALMBS1 



ALSRNO 



DESCRIPTION 

This signal indicates that the man- 
tissa of the A operand is equal to 
the mantissa of the B operand on 
HPFPP-B (bits 32:67). 

This signal indicates that the 

A operand is equal to the B operand 

(bits 00 :67). 

These bits are the output of the 
A latch. They are the latched data 
which has come from the mantissa 
ALU and passed through the A latch 
shifter. These bits are fed back to 
the A multiplexor and B multiplexor 
so that they may be gated onto the 
A bus or B bus. They are also fed 
back to the A latch shifter so that 
the entire A latch may be shifted 
left one bit without passing through 
the ALU (required by the divide 
algorithm). AL320 originates on 
HPFPP-B. 

A latch clock. The A latch clock is 
used to clock the A latch. It is 
decoded from ACLK1. 

A latch multiplexor A select line. 
When this signal is low, data from 
the mantissa ALU can be shifted left 
one bit. When this signal is high, 
data from the A latch can be shifted 
left one bit. 

A latch multiplexor B select line. 
When this signal is low, data from 
the mantissa ALU can pass to the 
A latch without being shifted. When 
this signal is high, data from the 
mantissa ALU can be shifted to the 
left four bits. 

A latch shift right enable. This sig- 
nal enables the U-bit 4-way shifter 
which allows data from the mantissa 
ALU to be shifted right 1, 2, 3, 
or 4 bits and then passed to the 
A latch. 



SCHEMATIC 
LOCATION 

6H6 



6N5 



Sheets 13:18 



4N6 



8N9 



8N2 



8N3 



F-2 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 



AMINBO This signal Indicates that the man- 7H8 
tissa ALU is to find the arithmetic 
difference between the A operand and 
the B operand. 

AMNO A multiplexor enable. This signal 8N1 

enables the A multiplexor, allowing 
either the contents of the addressed 
A stack register or the output of 
the A latch to be gated onto the 
A bus. 

AMQCLKO MQ register clock. This signal clocks 8N7 
the MQ register on HPFPP-A. 

AMXSO/1 A multiplexor select line. When AMXS1 8F6 
is low, the A multiplexor can gate the 
contents of the A latch onto the A bus. 
When AMXS1 is high, the A multiplexor 
can gate the output of the A stack onto 
the A bus. 

A0NLY1 This signal indicates that the con- 7H2 
tents of the A bus are to be passed 
directly through the mantissa ALU. 

APLSBO This signal indicates that the sum 7H6 
of the A bus and the B bus is to be 
produced by the mantissa ALU. 

ASO/1 These signals are decoded from RD bits 5K5,5K3 
09, 10, and 11. They indicate that the 
current HPFPP operation is either an 
add or a subtract. 

ASF1 Add or subtract function. This signal 8N5 

indicates that the add or subtract 
function should be performed by the 
mantissa ALU during this clock period. 

ASTK001 Bit 00 from the A register stack. This 11J7 
bit is used in determining the sign of 
the result, the condition code, and 
whether an add or subtract operation 
requires the sum or the difference of 
the operands. 



29-705 ROO 10/79 F-3 



APPENDIX F (Continued) 



SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

ASTKWN1 A stack write pulse enable. This 938 
signal enables the write pulse which 
strobes data into the A register 
stacks. 

ASUMO/1 These signals define the current aid 6G6 
or subtract operation as being the 
sum of the operands. 

AWNO A stack write enable. This signal 9G8 

strobes the data which resides on 
the B bus into the currently 
addressed register in the A register 
stack. 



BAD000:030 B stack address lines. These lines 12N1,12H2 
address a particular register in the 
B register stack. Bit 00 determines 
whether single- or double-precision 
registers are being addressed. 

BAD001:031 B stack address lines. These address 12M1,12M2 
lines originate on HPFPP-B. They are 
buffered to form the HPFPP-A B stack 
address lines. 

BGTO B operand is greater than A operand. 6G5 

This signal can become active only 
during state 1 of an add or subtract 
operation. 

BKANC B multiplexor A enable. This signal 8F3 
enables B multiplexor A which gates 
either the contents of the A latch or 
the output of the currently addressed 
register in the B register stack onto 
the B bus. 

BKAS1 B multiplexor A select line. When low, 8F6 
this signal can gate the contents of 
the A latch through to the B bus. 
When high, the output of the B register 
stack can be gated to the B bus. 

BMBNO B multiplexor B enable. This signal 8F3 
enables B multiplexor B which gates 
either the contents of the MQ register 
or the data from the C bus onto the 
B bus. 
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MNEMONIC 



BMBS1 



BMX00:31 

BMX321 

BWX6ai 



EONLYO 



BSCLBOX 



BST001:311 



BSTKWR1 



DESCRIPTION 

B multiplexor B select line. When 
low, this signal can gate data from 
the C bus through to the B bus. When 
high, the contents of the MQ register 
can be gated onto the B bus. 

B bus. This B bus is internal to the 
HPFPP. It has no connection to the 
B bus in the CPU. The B bus is the 
main data path in the HPFPP. Data 
can be placed o.n the B bus from the 
C bus, HQ register, A latch register, 
or B register stacR. The B bus feeds 
both the exponent and mantissa ALUs 
as well as the A and B register 
stacks. Bit 00 is the sign bit. Bits 
01:07 are the exponent. Bits 08:64 
are the mantissa or fraction part of 
the floating-point number. Only bits 
00:31 reside on HPFPP-A. Bits 08:11 
are used to determine if a floating- 
point number is normalized. Bits 32 
and 64 originate on HPFPP-6 and ars 
used to determine whether the result 
should be rounded. 

This signal indicates that the con- 
tents of the B bus are to be passed 
directly through the mantissa ALU. 

Buffered system clears. These signals 
force the HPFPP into the idle state 
(state 0) and initialize it so that 
it is ready to accept a floating-point 
operation from the CPU. These signals 
are activated by system clear from the 
system console. System clear does not 
affect the contents of the register 
stacks . 

B stack output. Data from the B reg- 
ister stack can be gated onto the 
.B bus through B multiplexor A. The 
B stack also supplies data to the 
C bus drivers. 

B stack write pulse enable. This 
signal enables the write pulse which 
strobes data into the B register 
stacks. 



SCHEMATIC 
LOCATION 

8F1 



Sheets 3, 

11, 12, 14:18 



7G4 



19H6,19M7 



Sheets 
13:18 



11/ 



9G7 
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MNEMONIC 



BWNO 



DESCRIPTION 

B stack write enable. This signal 
strobes the data on the B bus into 
the currently addressed register 

in the B register stack. 



SCHEMATIC 
LOCATION 

9G7 



CO/1 



C000:310 



CGXX1 



Compare. This signal is decoded from 
ED bits 09, 10, and 11 from the CPU. 
It indicates that the HPFPP is to 
perform a compare operation. 

C bus. The C bus is a bidirectional 
data bus which connects the HPFPP 
to the processor. All data which 
comes into the HPFPP from the C bus 
gets latched into the MQ register. 
All data which goes from the 
HPFPP to the CPU is gated onto the 
C bus from the B register stack. 

Carry generate lines. These sig- 
nals are used in the carry- 
lookahead circuitry of the 
mantissa ALU. 



5K3 



Sheet 19 



Sheets 13:19 



CLK1 



CPXX1 



This is the system clock from the 
CPU. Its purpose in the HPFPP is 
to maintain synchronization with 
the processor. 

Carry propagate lines. These sig- 
nals are used in the carry- 
lookahead circuitry of the 
mantissa ALU. 



2BU 



Sheets 13:19 



CRYXX1 



Carry inputs to the ALUs. These 
carry input signals are generated 
by the carry-lookahead circuitry of 
the mantissa ALU. 



19M5,19M4 



D0/D1 



Divide operation. These signals 
are decoded from RD bits 09, 10, 
and 11. They indicate that the 
current HPFPP operation is a 
divide. 



5K4 



DIST2 1 



This signal indicates that the 
HPFPP is in state 2 during a 
divide operation. 



5K8 



F-6 
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WNEHONIC 
DIST30 

DISTaO 

DAL070 

DBBO 



DCLKO/1 



DCLROX 



DFTENO 



DNRLZ1 



DST010 



DESCRIPTION 

This signal indicates that the 
HPFPP is in state 3 during a 
divide operation. 

This signal indicates that the 
HPFPP is in state 4 during a 
divide operation. 

Decoded AL bit 07. This signal 
simulates bit 07 of the A latch 
in multiply operations. 

Disable B bus. This signal dis- 
ables both B multiplexor A and 
B multiplexor E. This causes the 
B bus to be pulled up so that it 
looks like all zeros. 

Delayed clock. This signal becomes 
set one clock after fast clock 
(FCLK0/FCLK1), and gets reset on 
the next clock. It is used by the 
divide algorithm to set up the first 
division step. 

Device clears. The device clears 
are decoded from state 0^^^^^°™ ^^ 
systems clear. They reset the HPFPP 
so that it is ready to accept the 
next floating-point operation. 

Double-precision floating-point 
enable. This signal comes from the 
CPU to enable the HPFPP to begin a 
double-precision operation on the 

next CPU clock edge. 

Divide and normalized. This signal 
indicates that the divisor is non- 
zero during state 1 of a divide 
operation. 

Divide and state 1. This signal 
allows the divisor to be written 
into the B stack during state 1 of 
an SX divide operation. 



SCHEMATIC 
LOCATION 

10B1 



7H9 



7NU 



8F3 



6N1,6N5 



2L4 



2B1 



5K6 



9G6 
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KNEftONIC DESCRIPTION 

•^^Tai Delayed state ^, This signal is 
state n delayed by one clock 
period. This delay allows time to 
restore registers after a fault 
during a divide operation. 



^^^^^0 Early clock. This clock is decoded 
from WCI.K1. 

^2^0 Equalize. This signal indicates 

that one of the operands needs to 
be equalized or is being equalized. 
This signal originates on HPFPP-B. 

^^•^^0 End rounding. This signal termin- 
ates an HPFPP operation if the 
result required rounding. 

EXCLKO External clock. This is a test 

point to which an external clock 
may be connected. The test point 
is on pin 206 of header 3. Hhen 
using an external clock, it is 
necessary to disable internal 
clocks by placing switch number 8 
in the ON position. 



F001:C21 Function select bits. These bits 
are buffered RD bits 09,10, and 
11. When decoded, they indicate 
what specific function the HPFPP 
is to perform. 

FCLKO/1 Fast clock. By remaining active 

in state 2 of a divide operation, 
this signal indicates that the 
divisor is larger than the 
dividend . 

^^N"" Finished. This signal indicates 

that the HPFPP operation is 
finished and that the normalized 
result is ready to be rounded and 
stored into the register stacks. 



SCHEMATIC 
LOCATION 

8F6 



UN5 



8H3 



3D3 



2L7 



6N2,6N3 



3F1 



F-8 
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APPENDIX F (Continued) 



SCHEMATIC 
DESCRIPTION LOCATION 

Gated delayed clocH. This signal 8A6 
becomes active only when the 
delayed clock is active in state 2 
of a divide operation (first clock 
in state 2). 



JACRYO 



JBMXO 



JBMXAS1 



Jam the after carry flop. This sig- 
nal activates the ACRY0/ACRY1 
flip-flop. 



When active, this signal causes 
B multiplexor B to become enabled 
and B multiplexor A to become 
disabled on the next clock. 

When active, this signal causes 
B multiplexor A to select the 
B register stack as its input 
after the next clock. 



8F3 



jnMA Jam. This signal can become active 3A2 

only during the final rounding 
sequence. It disables th.e normal 
rounding procedure, and instead 
forces the least significant bit 
of the result to a logical "1". 



8F5 



8A6 



18N3 



10H2 



JMQ280:310 Inputs to the "Q register. These 
lines feed bits 28, 29, 30, and 
31 of the MQ register. They are 
also used by the multiplication 
algorithm to control the single- 
precision multiply operation. 

jUFLO Jam underflow flip-flop. This 
signal becomes active when an 
underflow condition is detected. 
The underflow flip-flop becomes 
active after the next clock. 

JVFLGO/1 Jam overflow flip-flop. This sig- 3K5,1GK5 
nal becomes active when an over- 
flow condition is detected. The 
overflow fliP-flop becomes 
active after the next clock. 
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MNEMONIC DESCRIPTION 

JVGTO/1 Jam very great flip-flop. This 
signal becomes active when the 
difference between the A operand 
and the B operand exponents is 
greater than the equalization 
capability of the HPFPP in an add 
or subtract operation. 

JXCRYO Jam XCNTR carry flip-flop. This 
signal becomes active when the 
XCNTR reaches a count of zero. 



^^^'^ Load function. This signal is 

decoded from RD bits 09, 10, and 
11. It indicates that the current 
HPFPP operation is a floating- 
point load. 

LDXCYI Load function or XCNTR carry out. 
This signal enables detection of a 
zero result or an underflow fault. 

LENBO Enable A latch multiplexor B. 

This signal is one set of condi- 
tions which enables A latch 
multiplexor B. 

^^^^f^O A latch multiplexor A enable. 

This signal enables this multi- 
Plexor to place data on the 
A latch bus. 

^^^^0 A latch multiplexor B enable. 

This signal enables this multi- 
plexor to place data on the 
A latch bus. 



LMSHO 



Load most significant half. 
This signal is decoded from RD 
bits 09, 10, and 11. It indicates 
that the data on the C bus is 
the most significant 32 bits of 
a double-precision floating- 
point number. The flip-flop 
which is set by this signal is 
the only control element in the 
HPFPP which is not initialized 
when the HPFPP returns to the 
idle state (state 0). 



SCHEMATIC 
LOCATION 

6G2 



8A9 



5K2 



6M9 



8N5 



8N2 



8N5 



5K1 



F-10 



29-705 ROO 10/79 



APPENDIX F (Continued) 



SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

LOADO Seady to load. This signal indi- 8N? 
cates that the HPFPP operation is 
complete and that the result is not 
yet normalized. 

LOADI Read'Y to load. This signal indicates 8L2 
that the HPFPP has obtained a result 
which must be normalized, rounded, 
and stored. 



MO/1 Multiply. This signal is decoded from 5K4 

RD bits 09, 10, and 11. It indicates 
that the current HPFPP operation is a 
multiply. 

M071 Carry bit for divide. This signal 8N8 

generates the quotient during a 
divide operation. 

M1ST20/1 Multiply and state 2. This signal 5iC8 
becomes active during state 2 of 
a multiply operation. 

MAEQBO Mantissa A equals B, This signal 6N6 
indicates that the mantissa of the 
A operand is equal to the mantissa 
of the B operand (bits 08:67). 

MAL080;350 Output from mantissa ALU. These sig- Sheets 13:18 
nals are the output of the mantissa 
ALU. Bits 08:31 originate on HPFPP-A 
and bits 32:35 come from HPFPP-B. 
These signals are passed through the 
A latch shifter and latched in the 
A latch. 

MCOUTO/1 Mantissa carry-out. This signal 19M6 
indicates that a mantissa ALU 
function has resulted in a carry. 
This signal is generated by the 
carry-lookahead circuitry. 

MDNRLZ1 Multiply, or divide and normalized. 5K7 

MFNO Multiply finished. This signal indi- 8H5 

cates that a multiply operation is 
finished. This signal originates on 

HPFPP-B. 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

KM0DE1 This signal determines the mole of 7H4 
operation for the mantissa ALU. 

MOFFO/1 Mantissa overflow. This bit indi- 6N4 
cates that the previous mantissa 
ALU operation resulted in a mantissa 
carry-out. 

KQ08:32 Multiplier-quotient register. These Sheets 13;18 
bits are the output from the multi- 
plier-quotient register. They may be 
gated back through the MQ shifter or 
onto the B bus. 

MQCEO HQ register clear enable. This is 8N6 
a pulse which occurs only at the 
beginning of an HPFPP operation. The 
pulse initializes that portion of the 
MQ register which resides on HPFPP-B 
(bits 32:63). This signal is dis- 
abled after the execution of the LW 
microinstruction. 

MS001:031 Mode select. These lines, in com- 7H8,7H7 
bination with MH0DE1 , determine the 
function to be performed by the 
mantissa ALU. 

MSC01;11 Multiply shift code. These signals 8H1 
indicate the shift distance (1, 2, 
3, or ^ bits) necessary or the next 
step in the multiplication algorithm. 
These signals are decoded to address 
the U-bit U-way shifters in the 
A latch shifter and the MQ shifter. 

HSHO Gate most significant half to C bus. 19A9 

This signal is significant only 
during a read operation. It in- 
dicates that either a single- 
precision number or the most sig- 
nificant half of a double-precision 
number (bits 00:31) is to be gated 
onto the C bus. 

HSUMO/1 Multiply sum. During a multiplication 7N5 
operation, this signal indicates that 
the current partial product was pro- 
duced by a summing of operands rather 
than a difference of operands. 
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MNEMONIC 



NBLZ1 



DESCRIPTION 

Normalized. This signal indicates 
that the data on the B bus is 
normalized. 



SCHEMATIC 
LOC!\TION 

5K6 



OPTSTCPO 



Stop' CPU clocks. This signal becomes 
active when the HPFPP is activated. 
It causes the CPU to stop and wait 
for the HPFPP to run to completion. 
When the HPFPP finishes the current 
operation, the processor clocks are 
released. 



2L2 



PLUS1 



PSW191 



This signal indicates that the 
exponent ALU is to perform a summing 
function. 

Bit 19 of the program status word. 
When active, this signal indicates 
that if a floating-point operation 
results in an exponent underflow, it 
should be handled as an arithmetic 
fault. 



9G4 



3G6 



RO 



RCCO 



RD1 



RD090:110 



Read operation. This signal is de- 5K2 
coded from RD bits 09, 10, and 11. It 
indicates that the current operation 
is a read from a floating-point 
register. 

Read condition code. This signal is 2L6 
decoded from RD bits 09, 10, and 11. 
It indicates that the current con- 
dition code is to be returned to the 
processor on bits 28:31 of the C bus. 

Round. This signal enables the round- 7N3 
ing mechanism in the HPFPP. 

ROM data bits from the CPU. These bits 2B7 
are buffered into the HPFPP to form 
the function select bits. They specify 
the particular function to be performed 
by the HPFPP. 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

RD251 ROM data bit 25 from the CPU. This 8A1 

signal indicates that the current 
floating-point operation is a memory 
operation rather than a register-to- 
register operation. 

REGDISO Register stacks disable. This signal 11C6 
disables the register stacks on the 
HPFPP in the event that a floating- 
point operation is to be aborted. 

REGNAO A register stacks enable. 11C7 

REGNBO B register stacks enable. 15A8 

RRO/1 Register-to-register. This signal 8F1 
indicates that the current operation 
is a register-to-register operation 
rather than a memory operation. This 
signal is decoded from RD bit 25. 

RSIGNO/1 Resultant sign bit. This bit is the 9R5,9R4 
sign of the result of the floating- 
point operation. 

RSTOPO ROM stop from the CPU. Indicates the 235 
CPU has halted microoperations. 

S3WT0 State 3 and write. This signal indi- 9G9 
cates that the result of the floating- 
point operation is ready to be written 
into the register stacks. 

SUMOFO Shift right 4 bits and mantissa over- 8N1 
flow. This signal ensures that bit 11 
of the result gets set to a one after 
a mantissa overflow. 

SBGT1 This signal indicates that the B 6G4 
operand is greater than the A operand 
in an add or subtract operation. 

SBMBNO Set B multiplexor B enable. This 8F2 
signal causes B multiplexor B to 
become enabled and B multiplexor A 
to become disabled. It is a pulse 
which occurs only before the first 
clock of a register-to-register 
operation . 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 



SCLK1 Skew clock from the CPU. This CPU 233 
clock is used to maintain synchroni- 
zation between the CPU and the HPFPP. 

SCLEOA Systems clear. This signal causes the 19E6 
HPFPP to become initialized to the 
idle state so that it is ready to 
accept a floating-point operation. 

SEL1 HPFPP selected. This signal indicates 2L2 

that the HPFPP has been activated to 
perform a floating-point operation. 

SFTENO Single-precision floating-point 2B2 
enable. This signal comes from the 
CPU to enable the HPFPP to begin a 
single-precision operation on the 
next CPU clock edge. 

SHSL00:10 4-bit 4-way shifter select lines. 8N4,8N3 
These select lines are decoded from 
the multiply shift code lines. They 
indicate to the A latch shifter and 
the MQ shifter to shift right 1, 
2, 3, or 4 bits. 

SKSIGC This signal disables the normaliza- 5B6 
tion sequence during a floating-point 
operation. 

SLWCLKO Slow clock. This signal causes all 6N3 
the HPFPP clocks to become stretched 
by about 30 ns. This allows time for 
the stacks to settle after a write 
and compensates for particularly 
slow data paths. 

SMCOUTO Shift carry-out into multiplicand. 7N4 
This signal maintains the most sig- 
nificant bits of the partial product 
during a multiply operation. 

SNSLiiO/l Normalized. This signal indicates 5K7 
that the data on the B bus is 
normalized and no mantissa overflow 
condition exists. 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 



SPO/1 Single-precision. This signal indi- 2L1,2L2 
cates that the current floating-point 
operation is to be done in single- 
precision. These signals are not 
consistent when the HPFPP Is in the 
idle state (state 0). 

SPRDO Round single-precision result. This 7N2 
signal forces a 1 to be added into 
bit 31 of the floating-point result. 

SSCO/1 Start system clock. This signal is a 2L5 
short pulse which occurs when the 
HPFPP is activated. It initiates the 
control sequence by forcing the state 
controller out of state and into 
state 1. 

STOOO/1 State 0, State is the idle state of 3N2,3N1 
the HPFPP. When in state 0, all control 
functions are initialized and the 
HPFPP is ready to accept an operation. 

SroiO/1 State 1. State 1 is the start-up 3N3 
state of the HPFPP. 

ST020/1 State 2. State 2 is entered only for 3N4 
multiplication or division. This is 
where these algorithms are performed. 

ST030/1 State 3. State 3 is always the final 3N5 
state of a successful floating-point 
operation. In state 3, the HPFPP 
performs add and subtract operations, 
equalization, normalization, rounding, 
and storing of the final result. 

ST040/1 State 4. State 4 is the fault state. 3N6 
If an arithmetic fault occurs, state U 
is entered to clear up the trouble. All 
the floating-point registers are 
restored to their states as they were 
before the operation began. 

ST050/1 State 5. State 5 is entered when it 3N7 
is necessary to change the contents 
of the register stacks to carry out 
an operation. 

SWN1 Write enable. Enables the stack write 9G8 

pulses. 



F-16 29-705 ROO 10/79 



MNEMONIC 



APPENDIX F (Continued) 



SCHEMATIC 
DESCRIPTION LOCATION 



UFLO/1 Underflow. This signal indicates that 10K3 
an exponent underflow has occurred. 
The action taken then depends on the 
state of PSW bit 19. - 

UFLTO/1 Underflow fault. This signal indi- 3K6 
cates that an exponent underflow has 
occurred and that it should be 
considered an arithmetic fault. The 
controller goes to state 4 and the 
registers are restored. 

VFLGO Overflow. This signal indicates that 10K4 
an exponent overflow has occurred. 
Exponent overflow is always considered 
to be an arithmetic fault. The con- 
troller goes to state U and the 
registers are restored. 

VGTO/1 Very great. This signal indicates 6G3 
that the difference between the 
A operand and the B operand exponents 
is greater than the equalization 
capability of the HPFPP in an add or 
subtract operation. 

WCLK1 Write clock. This clock is used to 4N5 

produce the stack write pulses. 

WTRNDC Write after rounding. This signal 3F3 
inhibits the stack write pulse until 
after the result has been properly 
rounded. 

XAEQB1 Exponent A equal B. This signal indi- 11N7 
cates that the exponent of the 
A operand is equal to the exponent 
of the B operand. 

XAL000:70 Exponent ALU output. These bits are 11N6,12N6 
latched unshifted into the exponent 
A latch. 

XCOitl This signal is the ripple carry-line 12N7 
between the two 4-bit ALUs that make 
UP the exponent ALU. 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

XCN1 Exponent carry-in. This signal pro- 9G2 

vides the carry input to the exponent 
ALU. 

XC0UT1 Exponent carry-out. This is the carry- 11N7 
out signal from the exponent ALU. 

XCEYO/1 XCNTR carry-out. This signal indi- 8F9 
cates that the XCNTR on HPFPP-B has 
finished counting. This signifies the 
completion of equalization, multipli- 
cation, or division. 

XELO This signal indicates an exponent 11N4 

overflow in state 1 of a multiply or 
divide operation. 

XL00l!71 Exponent A latch bits. These signals 11N3,12N3 
are the latched output from the 
exponent ALU. 

XMDS1 Exponent ALU mode select. This signal, 9G3 
together with PLUS1, defines the 
function of the exponent ALU. 

XMNO Exponent multiplexor enable. This 9G5 

signal enables the exponent multi- 
plexor which allows the contents of 
the A register stack or the exponent 
A latch to be gated onto the exponent 
bus. 

XMQ30:31 Multiplexed MQ bits. These bits are 7A5,7A8 
latched from MQ bits 30:31 in single- 
precision or bits 62:63 in double- 
precision. These signals are used to 
control the multiplication algorithm. 

XMQCLKO Exponent MQ clock. This signal 8N6 

latches data into the exponent 
register from the C bus at the 
beginning of an HPFPP operation. 

XMS1 Exponent multiplexor select line. 9G4 

When active, this signal gates the 
output of the A register stack onto 
the exponent bus. 
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SCHEMATIC 
MNEHONIC DESCRIPTION LOCATION 

XHX000:70 Exponent bus. These -signals come 11J6, 12.16 
from the exponent multiplexor and 
feed the A side of the exponent ALQ. 

XPA1/XPB1 Pull-ups. These lines are pull-up 6G1,2L3 
lines which are connected to unused 
gate inputs. 

XSCO/1 Exponent special case. This signal 10K8 
becomes active when a special case 
of potential exponent overflow is 
detected. 

ZEROO/1 Zero. This signal indicates that the 6N7 
result of a floating-point operation 
is a true zero. 
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The following list provides a brief description of each mnemonic 
found in the HPFPP-E. The source of each signal, on Schematic 
Drawing 35-716D08, is also provided. 

SCHEMATIC 
MNEMO'IIC DESCRIPTION LOCATION 

AAD001:31 A stack address lines. These Sheet 2 

address lines are decoded in 
the A register stack. AAD001 
is decoded from SP1. 

ACLK1 This is the main system clock 4E7 

used throughout the HPFPP. It 
is decoded from EACLKO. 

ACRYO After XCRY. This signal is 3F6 

XCBY0/XCRY1 delayed by one 
clock. 

AEQB1A This signal indicates that 6J3 

bits 32:35 of the A operand 
are equal to bits 32;35 of 
the B operand. 

AEQB1B This signal indicates that 14J9 

bits 36:67 of the A operand 
are equal to bits 36:67 of the 
B operand. 

AEQB1C This signal indicates that the Sheet 14 

mantissa of the A operand is 
equal to the mantissa of the 
B operand on HPFPP-B (bits 
32:67). 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

AL32:68 These bits are the output of Sheets 6:15 

the A latch. They are the 
latched data which has come 
from the mantissa ALU and 
passed through the A latch 
shifter. These bits are fed 
back to the A multiplexor 
and B multiplexor so that 
they may be gated onto the 
A bus or B bus. They are 
also fed back to the A latch 
shifter so that the entire 
A latch may be shifted left 
one bit without passing 
through the ALU (required by 
the divide algorithm). 

ALCKO A latch clock. The A latch 4E6 

clock is used to clock the 
A latch. It is decoded from 
ACLK1 . 

ALMAS1 A latch multiplexor A select 3M7 

line. When this signal is 
low, data from the mantissa 
ALU can be shifted left one 
bit. When this signal is high, 
data from the A latch can be 
shifted left one bit. 

ALMBS1 A latch multiplexor B select 3H6 

line. When this signal is 
low, data from the mantissa 
ALU can pass to the A latch 
without being shifted. When 
this signal is high, data 
from the mantissa ALU can be 
shifted to the left four 
bits. 
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DESCRIPTION 



SCHEMATIC 
LOCATION 



ALSRNO 



AMINBO/1 



AMNO 



AMXSO/1 



A0NLY1 



APLSBO 



AS1 



AST321 
ASTKWN1 



A latch shift right enable. 3M9 

This signal enables the 4- 
bit U-way shifter which 
allows data from the mantissa 
ALU to be shifted right 1,2, 
3, or U bits and then passed 
'to the A latch. 

This signal indicates that the 5D7 
mantissa ALU is to find the 
arithmetic difference between 
the A operand and the B operand. 

A multiplexor enable. This sig- UE9 
nal enables the A multiplexor, 
allowing either the contents of 
the addressed A stack register 
or the output of the A latch to 
be gated onto the A bus. 

A multiplexor select line. When 4D4,4E4 

AMXS1 is low, the A multiplexor 

can gate the contents of the 

A latch onto the A bus. When 

AMXS1 is high, the A multiplexor 

can gate the output of the 

A stack onto the B bus. 

This signal indicates that the 8A7 
contents of the A bus are to be 
passed directly through the 
mantissa ALU. 

This signal indicates that the 5A6 
sura of the A bus and the B bus 
is to be produced by the man- 
tissa ALU. 

This signal is decoded from RD 2N7 
bits 09, 10, and 11. It indi- 
cates that the current HPFPP 
operation is either an add or 
a subtract. 

Bit 32 of the A register stacks. 6D8 

A stack write pulse enable. This 4A5 
signal enables the write pulse 
which strobes data into the 
A register stacks. 
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MNEMONIC 



AWNO 



DESCRIPTION 

A stack write enable. This sig- 
nal strobes the data which 
resides on the B bus into the 
currently addressed register in 
the A register stack. 



SCHEMATIC 
LOCATION 

4E6 



BAD001 531 



Sheet 2 



BADHS1 



BGTO/1 



BMANO 



BMAS1 



BMBNOrl 



3E9 



B stack address lines. These 
address lines can be decoded 
from either YD or YS, depend- 
ing on the state of BADMSI. 

B stack address multiplexor 
select line. When this signal 
is low/ the B address lines 
ere decoded from YS. When it 
is high, the B address lines 
are decoded from YD. 



3 operand is greater than 13J2,3M2 

A operand. This signal can 
become active only during 
state 1 of an add or subtract 
opera tion. 

B multiplexor A enable. This 4E1 

signal enables B multiplexor A, 

which gates either the contents 

of the A latch or the output of 

the currently addressed register 

in the B register stack onto the 

B bus. 

B multiplexor A select line. 4E3 

When low, this signal can gate 

the contents of the A latch 

through to the B bus. When high, 

the output of the B register 

stack can be gated to the B bus. 

B multiplexor B enable. This 4E1, iaK1 

signal enables B multiplexor B, 

which gates either the contents 

of the MQ register or the data ' 

from the C bus through to the 

B bus. 
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SCH EM A T I C 
MNEMONIC DESCfilPTION LOCATION 

BMQCLKO MQ register clock. This signal 4E6 

clocks that portion of the MQ 
register located on the 
HPFPP-B (bits 32:63). 

BMX32:6a B bus. This B bus is internal Sheets 6; 14 

to the HPFPP. It has no con- 
nection to the B bus in the 
CPU. The B bus is the main 
data path in thfe HPFPP. Data 
can be placed on the B bus 
from the C bus, MQ register, 
A latch register, or B regis- 
ter stack. The B bus feeds 
both the exponent and mantissa 
ALUs as well as the A and 3 
register stacks. Bit 00 is the 
sign bit. Bits 01:07 are the 
exponent. Bits 08:64 are the 
mantissa or fraction part of 
the floating-point number. 
Only bits 32:64 reside on 
HPFPP-B. 

BONLY This signal indicates that the 5A7 

contents of the B bus are to 
be passed directly through the 
mantissa ALU. 

BSCLBOA Buffered system clear. This sig- 15H7 

nal places the HPFPP in the idle 
state (state 0) and initializes 
the processor so that it is ready 
to accept a floating-point opera- 
tion from the CPU. 

BST32;63 B stack output. This data from Sheets 6:13 

the B register stack can be 
gated onto the B bus through 
B multiplexor A, It can also 
be gated onto the C bus to 
return data to the CPU. 

BSTKWN1 B stack write pulse enable. This 4A5 

signal enables the write pulse, 
which strobes data into the B 
register stacks. 
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APPENDIX G (Continued) 

SCHEMATIC 
MNEMONIC D ESCRIPTION LOCATION 

BWNO B stack write enable. This sig- UE5 

nal strobes data on the B bus 
into the currently addressed 
register in the B register 
stack. 

€000:310 C bus. The C bus is a bidirec- Sheet 15 

tional data bus which connects 
the HPFPP to the processor. All 
data which comes into the HPFPP 
from the C bus gets latched 
into the MQ register. All data 
which goes from the HPFPP to the 
CPU is gated onto the C bus from 
the B register stack. 

CBENO C bus enable. This signal 2N2 

switches the C bus trans- 
ceivers from receive mode to 
transmit mode. 

CGXX1 Carry generate lines. These sig- Sheets 6; 14 

nals are used in the carry- 
lookahead circuitry of the 
mantissa ALU. 

CPXX1 Carry propagate lines. These Sheets 6:14 

signals are used in the carry- 
lookahead circuitry of the 
mantissa ALU. 

CRYXX1 Carry inputs to the ALUs. These Sheets 14,15 

carry input signals are gener- 
ated by the carry-lookahead 
circuitry of the mantissa ALU. 

CT010/1 Count equal to one. This signal 585 

becomes active when the count 
in the XCNTR is equal to one. 

CTCLKC Counter clock. This clock is 3E7 

used to clock the XCNTK and the 
XCRY flip-flop. 

CTK10 Count equal to minus one. This 5E4 

signal becomes active when the 
count in the XCNTR is equal to 
minus one. 
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MNEMONIC 



DIST21 



DIST40 



DBBO 



DCLKO 



DCLBOA/B 



DDVQO 



DPR DO 



APPENDIX G (Continued) 

SCHEMATIC 
DESCRIPTION LOCATION 



pO/1 Divide operation. These signals 

are decoded from RD bits 09, 10, 
and 11. They indicate that the 
current HPFPP operation is a 
divide. 



2N7 



This signal indicates that the 2N8 
HPFPP is in state 2 during a 
divide operation. 

This signal indicates that the 4DU 
HPFPP is in state 4 during a 
divide operation. 

Disable B bus. This signal dis- 4A2 
ables both B multiplexor A and 
B multiplexor B. This causes 
the B bus to be pulled up so 
that it locks like all zeros. 

Delayed clock. This signal 3J7 

becomes set one clock after 
fast clock (FCLK0/FCLK1), and 
gets reset on the next clock. 
It is used by the divide algo- 
rithm to set up the first 
division step. 

Device clears. The device 5D8 

clears are decoded from state 
or from systems clear. They 
reset the HPFPP so that it is 
ready to accept the next floating- 
point operation. 

Double-precision divide quo- 3M6 
tient. This signal is shifted 
into bit 6^ of the MQ register 
during state 2 of a double- 
precision divide operation to 
produce the quotient. 



Double-precision rounding bit. 
This signal jams bit 63 of the 
A bus to a one. 



lUNS 
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APPENDIX G (Continued) 



MNEMONIC 



DVQO 



DFTENO 



DESCRIPTION 

Single-precision divide quo- 
tient. This signal is shifted 
into bit 32 of the MQ register 
during state 2 of a single- 
precision divide operation to 
produce the quotient. 

Double-precision floating-point 
enable. This signal comes from 
the CPU to enable the HPFPP to 
begin a double-precision opera- 
tion on the next CPU clock edge< 



SCHEMATIC 
LOCATION 

3M3 



2A1 



EACLKO 



Early clock. This clock is 
decoded from WCLKI. 



4A7 



EQUO/1 



Equalize. This signal indicates 
that one of the operands needs 
to be equalized or is being 
equalized. 



3Fa 



F001:21 



FCLKO 



Function select bits. These bits 2F5 
are buffered RD bits 09, 10, and 
11. When decoded, they indicate 
what specific function the HPFPP 
is to perform. 

Fast clock. By remaining active 3J6 

in state 2 of a divide operation, 

this signal indicates that the 

divisor is larger than the 

dividend. 



JACRYO 



Jam the after carry flop. This 
signal activates the ACSY0/ACRY1 
flip-flop . 



3B6 



JAMO 



JBMXO 



Jam. This signal becomes active 14N4 
only during the final rounding 
sequence. It disables the normal 
rounding procedure and, instead, 
forces the least significant bit 
of the result to a one. 

When active, this signal causes 4A1 
B multiplexor B to become 
enabled and ni multiplexor A to 
become disabled on the next clock. 



G-8 
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APPENDIX. G (Continued) 



SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 



JBMXAS1 When active, this signal causes 4E2 

B multiplexor A to select the 
B register stack as its input 
after the next clock. 

JMQ28:31 Inputs to the MQ register. These UG5,13N1 

JMQ60;63 lines feed bits 28:31 and bits 

60:63 of the MQ register. They 
are also used by the multiplica- 
tion algorithm to control the 
single- and double-precision 
multiply operations. 

JVFLGC Jam overflow flip-flop. This Sheet 4 

signal becomes active when an 
overflow condition is detected. 
The overflew flip-flop becomes 
active after the next clock. 

JVGTO/1 Jam very great flip-flop. This 3B5 

signal becomes active when the 
difference between the A operand 
and the B operand exponents is 
greater than the equalization 
capability of the HPFPP in an 
add or subtract operation. 

JXCEYO Jam XCNTR carry flip-flop. This 5R7 

signal becomes active when the 
XCNTR reaches a count of zero. 



LO/1 Load function. This signal is 2N6 

decoded from RD bits 09, 10, 
and 11. It indicates that the 
current HPFPP operation is a 
floating-point load. 

LIST30 Load and state 3. 3E9 

LAEQB1B Latched AEQB1B, This signal 14N9 

saves the information that bits 
36:67 of the A operand were 
equal to bits 36:67 of the 
B operand. 

LENBO Enable A latch multiplexor B. 3J5 

This signal is one set of 
conditions which enables A latch 
multiplexor B. 
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APPENDIX G (Continued) 



MNEMONIC 



LMNAO 



DESCRIPTION 

A latch multiplexor A enable. 
This signal enables this 
multiplexor to place data on 
the A latch bus. 



SCHEMATIC 
LOCATION 

3M6 



I.MNBO 



A latch multiplexor B enable. 
This signal enables this 
multiplexor to place data on 
the A latch bus. 



3M5 



L0AD1 



Ready to load. This signal 
indicates that the HPFPP has 
obtained a result which must 
be rormalized/ rounded, and 
stored. 



3f15 



LSHENO 



Least significant half enable. 
This signal enables the C bus 
drivers on HPFPP-B. 



2N2 



M071 



Ml 



MIST20/21A/21B 



MAL280:680 



Carry bit for divide. This sig- 
nal generates the quotient 
during a divide operation. 

Multiply. This signal is decoded 
from RD bits 09, 10, and 11. It 
indicates that the current HPFPP 
operation is a multiply. 

Multiply and state 2. This sig- 
nal becomes active during state 
2 of a multiply operation. 

Output from mantissa ALU. These 
signals are the output of the 
mantissa ALU. Bits 28:31 
originate on HPFPP-A and bits 
32:68 orae from HPFPP-B. These 
signals are passed through the 
A latch shifter and latched in 
the A latch. 



3J1 



2N7 



2N9 



Sheets 6:15 



MC0UT1 



Mantissa carry-out. This signal 
indicates that a mantissa ALU 
function has resulted in a carry. 
This signal is generated by the 
carry-lookahead circuitry. 



3J3 



;-io 
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SCHEMATIC 
MNEMONIC DESCBIPTION LOCATION 

MFNO Multiply finished. This signal 3M6 

indicates that a multiply 
operation is finished. 

MM0DE1 This signal determines the mode 5D7 

of operation for the mantissa ALU. 

MOFFO/1 Mantissa overflow. This bit 3G5 

indicates that the previous man- 
tissa ALU operation resulted in 
a mantissa carry-out. 

MQ280:640 Multiplier-quotient register. Sheets 6:1U 

These bits are the output from 
the multiplier-quotient register. 
They may be gated back through 
the MQ shifter or onto the 3 Bus. 

MQCEO HQ register clear enable. This 3J2 

is a pulse which occurs only at 
the beginning of an HPFPP oper- 
ation. The pulse initializes 
that portion of the MQ register 
which resides on HPFPP-B (bits 
32:63). This pulse is disabled 
after the execution of the LW 
microinstruction. 

MQCLRO MQ register clear. This signal 3M2 

clears that portion of the 
MQ register on HPFPP (bits 
32;63). It is decoded from MQCEO. 

MS001:031 Mode select. These lines, in Sheet 5 

combination with MM0DE1, deter- 
mine the function to be performed 
by the mantissa ALU. 

MSCOItll Multiply shift code. These sig- 4R6,4R5 

nals indicate the shift distance 
(1, 2, 3, or U bits) necessary 
or the next step in the multipli- 
cation algorithm. These signals 
are decoded to address the 4-bit 
U-way shifters in the A latch 
shifter and the MQ shifter. 
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APPENDIX G (Continued) 

SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 



MSHO Gate most significant half to 2N1 

C bus. This signal is signifi- 
cant only during a read operation. 
It indicates that either a 
single-precision number or the 
most significant half of a 
double-precision number (bits 
00:31) is to be gated onto the 
B bus. 

MSUM1 Multiply sum. During a multi- 4G3 

plication operation, this signal 
indicates that the current 
partial product was produced by 
a summing of operands rather than 
a difference of operands. 



N8LZ1 Normalized. This signal indi- 14J8 

cates that the data on the B bus 
is normalized. 



RO/1 Read operation. This signal is 2J6 

decoded from RD bits 09, 10, and 
11. It indicates that the current 
operation is a read from a 
floating-point register. 

RD1 Round. This signal enables the 14J7 

rounding mechanism in the HPFPP. 

ED090:110 ROM data bits from the CPU. 2A2 

These bits are buffered into the 
HPFPP to form the function select 
bits. They specify the particular 
function to be performed by the 
HPFPP. 

RD251 ROM data bit 25 from the CPU. 2A3 

This signal indicates that the 
current floating-point operation 
is a memory operation rather than 
a register-to-register operatibn. 

REGDISO Register stacks disable. This 6A9 

signal disables the register 
stacks on the HPFPP in the event 
that a floating-point operation 
is to be aborted. 
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APPENDIX G (Continued) 

SCHEMATIC 
MWEWONIC DESCRIPTION LOCATION 

REGNAO A register stacks enable. 6A8 

REGNBO B register stacks enable. 10A8 

RR1 Register-to-register. This sig- 2C3 

nal indicates that the current 
'operation is a register-to- 
register operation rather than 
a memory operation. This signal 
is decoded from E;D bit 25. 

SeCLRO This signal disables bit 68 of 5D9 

the A latch during single- 
precision operations. 

SBHBNO Set B multiplexor B enable. This 4A2 

signal causes B multiplexor B to 
become enabled and B multiplexor A 
to become disabled. It is a pulse 
which occurs only before the first 
clock of a register-to-register 
operation. 

SBTO Sticky bit. This signal controls mN5 

the R*-rounding procedure. 

SCLROA Systems clear. This signal 15E5 

causes the HPFPP to become 
initialized to the idle state 
so that it is ready to accept a 
floating-point operation. 

SEL1 HPFPP selected. This signal 2G5 

indicates that the HPFPP has 
been activated to perform a 
floating-point operation. 

SFTENO Single-precision floating- 2A2 

point enable. This signal comes 
from the CPU to enable the HPFPP 
to begin a single-precision 
operation on the next CPU clock 
edge. 

SHSLO0:1O ti-bit a-way shifter select 3M9,3M8 

lines. These select lines are 
decoded from the multiply shift 
code lines. They indicate to 
the A latch shifter and the 
MQ shifter to shift right 1, 
2, 3, or 4 bits. 
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APPENDIX G (Continued) 



MNEMONIC 



SKSIGO 



SNRLZO 



SPO/1 



ST001 



ST010/1 
ST020/1 



ST030/1 



ST040 



DESCRIPTION 

This signal disables the normal 
normali-zation sequence during a 
floating-point operation. 

Normalized. This signal indi- 
cates that the data on the B bus 
is normalized and no mantissa 
overflow condition exists. 

Single-precision. This signal 
indicates that the current 
floating-point operation is to 
be done in single-precision. 
These signals are not consistent 
when the HPFPP is in the idle 
state (state 0). 

State 0. State is the idle 
state of the HPFPP. When in 
state 0, all control functions 
are initialized and the HPFPP 
is ready to accept an operation. 

State 1. State 1 is the start-up 
state of the HPFPP. 

State 2. State 2 is entered only 
for multiplication or division. 
This is where these algorithms 
are performed. 

State 3. State 3 is always 
the final state of a success- 
ful floating-point operation. 
In state 3, the HPFPP performs 
add and subtract operations, 
equalization/ normalization, 
rounding, and storing of the 
final result. 

State ^. State 4 is the fault 
state. If an arithmetic fault 
occurs, state 4 is entered to 
clean up the trouble. All the 
floating-point registers are 
restored to their states as they 
were before the operation began. 



SCHEMATIC 
LOCATION 

4EU 



3J6 



2D1,2D2 



4A6 



4E9 



4E8 



4E8 



3B7 



G-14 
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SCHEMATIC 
MNEMONIC DESCRIPTION LOCATION 

5T050 State 5. State 5 i^ entered 3B8 

when it is necessary to change 
the contents of the register 
stacks to carry out an oper- 
ation. 



VGTO Very great. This signal indi- 3B7 

cates that the difference 
between the A operand and the 
B operand exponents is greater 
than the equalization capability 
of the HPFPP in an add or 
subtract operation. 



WCLK1 Write clock. This clock is 

used to produce the stack 
write pulses. 



XAL020:070 Exponent ALU output. These Sheet 5 

bits are used to initialize 
the XCNTR for equalization. 

XCRYO/I XCNTR carry-out. This signal 3E7 

indicates that the XCNTR has 
finished counting. This 
signifies the completion of 
equalization, multiplication, 
or division. 

XCTOOO'.O^O Exponent count signals. These 5R6,5R3 

signals are the output of the 
exponent counter (XCNTR). 

XCTA010/020 These signals are used to 4R4,3M1 

increment or decrement the 

XCNTR. 

XMQ3C:31 Multiplexed MQ bits. These UR7 

bits are latched from MQ bits 
30:31 in single-precision or 
bits 62:63 in double-precision. 
These signals are used to 
control the multiplication 
algorithm. 
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S CH EM ATI C 
MNEMONIC D ESCRIPTION LOCATION 

XPX1 Pull-ups. These lines are pull- 3E6,15N4 

up lines which are connected to 
unused gate inputs. 



YD081:111 Destination register. These 2A6,2A9 

signals indicate the number 
of the register into which the 
result of a floating-point 
operation is to be stored* 

YS01:21 Source register. These signals 2A7 

indicate the number of the 
floating-point register which 
supplies the source operand in 
a register-to-register operation. 
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APPENDIX H 
HPFPP INSTALLATION ON THE MODEL 3210 PROC^SSOP 



This appendix c6ntains the information necessary to install the 
HPFPP on the Model 3210 Processor. 



NOTE 

In the Model 3210, the HPFPP cannot be 
installed unless the chassis with a 
floating-point backpanel has already been 
installed at the factory. The 
floating-point backpanel cannot be 
installed in the field. 



Installation of the HPFPP requires deletion of the strap at 
location 05M, C to G on the processor CPU-A board. This allows 
execution of the floating-point instructions. 

The HPFPP components are installed in dedicated locations in the 
3210 processor chassis as follows (See Figure H-1). 



1. Install the HPFPP-A in Slot 07. 

2. Install the HPFPP-B in Slot 08. 

3. Install the C bus interface on the backpanel. Slot 8, Side 0. 

U. Install cable from HPFPP-A, Connector 3 to HPFPP-B, Connector 
3. 

5. Install cable from HPFPP-A, Connector 4 to HPFPP-B, Connector 
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RPPENDIX I 
HPFPP INSTALLATION ON THE MODEL 3220 PROCESSOR 



This appendix contains the information necessary to install the 
HPFPP on the Model ?220 Processor. 

Installation of the HPFPP requires deletion of the strap at 
location 05M, C to G on the processor CPU-A board. This allows 
execution of the floating-point instructions. 

The HPFPP components are installed in dedicated locations in the 
3220 processor chassis as follows (See Figure 1-1). 

1. Install the HPFPP-A in Slot 05. 

2. Install the HPFPP-B in Slot 06. 

3. Install the C bus interface on the backpanel. Slot 6, Side 0. 

4. Install cable from HPFPP-A, Connector 3 to HPFPP-B, Connector 
3 . 

5. Install cable from HPFPP-A, Connector 4 to HPFPP-B, Connector 
4. 
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APPENDIX J 
HPFPP INSTALLATION ON THF MODEL 3230 PROCFSSOP 



This appendix ctintains the information necessary to install the 
HPFPP on the Model 3230 Processor. 

Installation of the HPFPP requires deletion of the strap at 
location 05K, C to G on the processor CPU-A board. This allows 
execution of the floating-point instructions. 

The HPFPP components are installed in dedicated locations in the 
3230 processor chassis as follows (See Figure J-1). 

1. Install the HPFPP-A in Slot 02 

2. Install the HPFFF-B in Slot 03 

3. Install the C bus interface on the backpanel. Slot 3, Side 

4. Install cable from HPFPP-A, Connector 3 to HPFPP-B, Connector 
3 

5. Install cable from HPFPP-A, Connector U to HPFPP-B, Connector 
4 
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\S-3-7^\/!*S 



SED FOR PROPUCTION 



CMl£ CONNECTtiR M4P 
CONN 4 PlA) W WAS AfSBIC 
CONM 3 f\N Q WAS NOT 5ltf. 
ARE4 65 # OS X4(.(; i, 

/MALy vveRe SrtovvN 

|A/c.ORp.ecT. REVISES) SHT. 

3,6j8,\\f S-CRELMOUED 
SPARE OUTPUTS n8-IO,<MK-08i 
?078-04;/iR£fl58 35-7/i>V<ISito3 



KR ly y,^ 40y< IM 1 7/7>» iwJ 



ARfA SB ss-ris w»^ 

R04- 



^rpA42^l \M\a-l'i-8o\f(o4 



Rei-ISfD SWS f,Z,9,f/fZ0 

AREA A/2' ADDED FPPFLT0 TO 
TERM 28. AREA RS:jS-7I5 WAS 
ROS. RMVa OT'/VCe(l9'057)< 

c9Mcea9-as8) fkom tableof 

SMREC 



PARES 



-jATV}fy.44Sil I .MS I /n-l-SOXelY. 



fi/^P LMNB0 ^ LMA/A^ 



i^r'Q!J\u9oo9-/s\R\//-/r-so\Kioi 



'/S£0 SHT It. 



Jf)T ^^090/3-03 \ f-/S-S/\&» ^ 



rROhA Tltle: liLcjcic. "SVs'D 

5HTJ l-ZO 



JL><^// \SObS ifcl7-io-8;jtot)^ 



3S-7I5 



60/^RD 



R0 7 






SCALE- 



g.M>eHA£U& 



N.LEM<?UPE 



R.Ci.RO 



U.S£LHE>M 



R ftARinlC ft 



E..C»RL£.^iaT£U 



tfeAFT 



W<iiW 



Qg 



SyiLTCST 



9-\6 



5-n- 



&-1I 



r2& 
23_ 
22. 
54 



USED IN M4NUAI.- 



TITLE ■■ 

FUNCTIOuAi. 



ii HEMATICS 
HPFPP-A. 



.ijiia 



S-il-7°ii°:^' 3S-1iSROSD0a| I —^^ 



▼ H 



206- 1 >MIEn4 ,-£d|^5L£L 



SP4) 



— 3A3,<.^l,ia09 



aES^££<a39-o 



s 

-> 




3A2,tAl,7K3 

664 

8H7,9HT 



IM-I> 



<205-l 



3AI,SAS^fcHS,7/c4 



SM1,10K4,I3K<J, I4K^, 
ISK'J.ltoK'J, nK^,>aK9 

6A2,SH(i> 



3kJ£ 



9Ma,5t/ 



3A4,SB3^9Uo 



3A4,SB3,9C<s 



3A4,Sb3,9Lt, 



PERKiN ELMER 

Computer Systems Division 
Oceanport.N.J 07757 



REVISIONS 



4ATE% OOM/IOM Wlat 
SHOWN tA A MAnD <^ATE%. 

AND £>7W-0g KAi.l.«/A«ON 
OUT PUT, 

IC oST.'S'osw-os, q, 5/De 
WERE S^l.O./R RESPetTll/l/ 
TifuE WA* DFU-A. 



iill^^ 



50 



\3f1^-T<\ao\ 



AR£AM(>:Aooe£> 9u TO Rccm 



JPirWA449l\ Mb \l6-7-80\fi.Ql. 



Title -flM MOD 3Z 2i> 



-iwl I soa 5 |^|s.i-s^ | iS51^ 



t " 



SCALE- 



C.M\CMA6>-S 



"i^'mif.iA^iri', liv !isi '■■It: 'ii :', IS THf kqop 

!BI> ill lilt [-(i-i.:- .MSH^.iBfiiWKIN 
a>WPu7LRS^fS-''"!, I USilN i%N':SHALI NOT 

tit ij:cL:LOSfcDofi osc^ r^ii a:*- vTntiiPuR- 

I*0"^S EXCEPT AS SPECIFIED BY CONTflACT BE 
TlVfcEN THE RECIPIENT AND THE PERKINELMER 
COilPORATION DUPLICATION OF ANY PORTION 
■J! THIS DATA SHALL INCLUDE THIS LEGEND. 



a-aoa 



TITLE 

FUNtTIOklAL SCHEMATKft 
HPFPP-A 



-osqos 



3S-7i5ao.3 pag 5—20 



V H 



PERKIN ELMER 

Computer Systems Division 
Oceanport. N.J. 07757 



4N6 



ACLKl 



0CJLR4>A 



XP/^i 



lOKft- 



)(SC| 



S3VMT(^ 



9a,9 



l22-3>- 



2IO-l> 



6HX321 



ZL& 



SPI 



l23-3> 



6MXto4l 



2LI 



I0K3 



^Nfe 



SW3 



OFL(;< 



iACuKJ> 



SL8 

SF9 

N4 



F4>ZI 



riw 



F<ti»l 



yegrd; 



ST»n 



sT^ai 



Ml 



STTtSV 



BK-j-aiit^SL 




03 



04 



05 



D 




01 A 

srTL 



09 



OiJO"ID\0£ 10 
■-«l<»-067)— 



,<>=» 



04 



Oi 



oe 



01 



15 



r<i 






t-^^ ^ 



ri 



X< 






Mwea ^(?J^ 



05 D 

19-142 
F(b7, 



ooc 



oS, 



0(0 



FlM\ 



■(oHS 



SK4 



eFto 

5K4 



U(e 



Dl 


02 


\ pt -^OB 

H / STTU 


D4TAI 


03 


b^ 


04 


3T041 


OS 







0<o 



oa 






iS>n4 



MOFF<^ 



10 



OB&\ ,OB 



toi 



=2. 



V'^TB,HtX^< 



9AT 



MDNfiUHl 



SKT 






aF9 



xcar* 



1(5 



i><S,<4 



SBGiT£_ 



09 






b-!A 
srTi. 



osr 






lous 



Loxcri 



&OFU 



PSWI9\ 



lU-l >- 




5K3- 



ASl 



BSCLR^e ,c,M7 



03 



l,o< 



OS 



iDS, 



- ^ 



OS 



0<B 



3— — S/»i,Sm,&l.io 

— — — <ioi-< 

•2^4, 4 JS, 
isHfc, e44,8Al 



Sri^<i>A 



ssco 



eus 







12 



Jo 












0? 



^ 



IS 



1 



lO 



^'^ 



05C 



oq 



I 



'l4 



01. 



3 



[CA 



J 0*9 



J 



OS 



IS 



-W.C. 



OFLT6 



8.48 



2: SB«,8/4S, 

4A(»^ 10 &7 



REVISIONS 



THE FOti.OWIKj<i, ^A,!** lArtRt 

THE FOLLOWINO, <iA.TES WER€ 
OR. <^A.TC5 07e>. 

onic o7D-\o,iZjOz^o\v-ca 
Ball was on output. 

BALtS ON 05D OUTPUTS 

weRe RtMOVED 

ONIC OOCjOBC,CX,C,^07C 

DS,«,Q/DC WERE *il,0/ 

R^RSSPECTlVty. 

TITLE WAS DFU-A 



t^lf^^'sol |3-.'.:^?i^ 



AREA K8 GATE l^-Oi? . 
fl« 08 WA5 UFLTI 8/58. 
AREAMB AOOeO UFLT^ 
AREA N6 ADD£D JST^S/ 

AREA Rs^aocD^fg rosr<t34 



Kft | ^Z'hO'?6 |m h-^WliJaZ. 



I Title k/as mod 3i.-a.o , 



sT*ai 



-(EOI-4 

-AS,5as,9A3 



ST<*a4> 



<ioa-4 



.IiI^l6C&,6^g 



sr^si 



ST43* 



6A2,SHfe,9A3, 



- 1IA9, iaA9,7A3,<$C8j6£'S 



sn^aA 



lo3a,\oK4 



-<202- 



ST<(^' &^,^A9,^Fi<J, 

*A7,9A4, 9fta, 

UftJ 



STW<* 



SH5,9ft=>,nft3 
h(i03-4 



sr((>5 



■AS 



5r4>s<p 



4,HT,aAa,9A« 



_<ao3-4 



f 



t " 



SCALE- 



C.MICHAELS 



■■■NHjHMATK'iJ T^^S^.I;')bl;. ^<bR( ". i'". Mi£ ■'HOP 

CIjMPUTEHS/SUMb ■.■IViL.t;jN ANDE-IALL NOT 
PE DlSCLDliED CH ;jSLJ TOH ANV OriltR POR^ 
POSES EXCEPT AS SPtCIFIED BY CONTRACT BE 
(irVcEN I HE FiECirJEi^T AND tM£ KtKKIN-tLMtH 
a'UPOBATION. OUPLICATIOCI OF ANY PORTION 
0; THIS DATA SHALL INCLliOE THIS LEGEND. 



DATE 



TITLE 

PUMCTIONAL SCHEMATIC* 
HPF?i>-A> 



■HUT or 



■ 0390S I _^ 

' 55-"7ISRO^, DOB 3 — cO 



5 



PERKIN ELMER 

Computer Systems Division 
Oceanport. N.J. 07757 




-lB<k\ 



.^iS£id** eA4, SHT ,8Da SAT 



^f>.\,li,M,IOK7 



3/l4,(oH5,7KS, 
SH9,9rt^,nu4, 141.4 



I3K'»,14K9,I*K9, 
ltoM,nK9,18K9 

5Hn,9H(o,ion'= 



■or.p. I 

IOO-2 



feN3 



SLWCLK^ 





SWITCH MO. 1 




1 


e 


3 


4 


5 


b 


T 


a 


FAST CLOCK (<^ 5 Tisl 


OKI 


OFF 


y 


X 


X 


X 


OfJ 


OFF 


NOM CLOCKdOO-iis) 


OFF 


OKI 


X 


X 


X 


>i 


Otvl 


OFP 


SiNG,i.£- STEP 


f set FOR NOM OR FAStjOFF 


OTF 


EJ(rE.RNAL CUOCK 


.X 1 / 


X 


X |x Ix 


X 


OVJ 



REVISIONS 



ID TOIWR. *.fteA,62 WA* WOT 

SMO*/IM. 

THeRH-LOWINa, WERE SHOtWm 

AS AND aiATC5-l2A,I^B,llA. 

lUBWAS SHOt^'N A« AN fie 

«iATt. 

DN IC |lS-04/Oi.6ALkvU** 

ON OOTPUrS 

TITLE WA.S DPU-A.. 



23IM 



laas<3i 



[s-iqoil goi 



/?f K Of S. <?A 9 /»*£A Wi>. 
ACtK) OELSreP REf 
DSS,.0A'i 



iT\$f \4J.O\\» \z-»-»,\Mi. 



HClEtsd "MoD£l 312 



\5065 |R |8-l-8t- [go^iy 



t " 



SCALE- 



CNHCtHAgtS 



L '■: : V i>f 1 HS r't :■- tN t . '■'! '? CUHP. !iA 'lU'. 
COMPUTtH Sv?Tl .-^^ ?;v.SK)N .\NI> S'^ALL NOT 

Bt oitL^cs: LuM jss.L;rcf!.^r.^ o'-tp. °UR 

PtiSES EXCEPT AS SPECIFIED BY CONTRACT BE 
IV'.EEN THE RECIPIENT AND THE PERKIN ELMER 
LURPORATION. DUPLICATION OF ANY PORTION 
OF THIS DATA SHALL INCLUDE THIS LEGEND. 



8-S-18 



TITLE 
FUNCTIOHA>t- &(:v<tKAT|CS 
HPFPP-A 



O 3 90-5 



■35015R03 D<58 



4—20 



_L y H 



PERKIN ELMER 

Computer Systems Division 
Oceanp6rl.N.J,077S7 



5 



uk/isn* 




8H(e 



IW* 






7A7 



9hT 



i>A(e 



36i1, <bA5, 7»4, S/>S, eH(p, 9>44 



aAfe, 9-44, 9H» 



&H3, 7FS, 7(C4, I063,)0e7 



C0H7, 3sa,9H6,9AS 



&H7,7/k4,9Hl,iOa2,3G|2,lP'i>,1^9 



748, 54S, 9HS 



102-l> 



<z^^-l 



9A7 



03 I'^-eS*) ^^ 3<i|4,IOS<,llL4 



3A5^ 948, 1089 



L_ ^112-4 



<ll2-< 



frH2,7AS,SAS,SM3,9Al,l3K2,l4K2,l5K2,|leKej';Ke,lSK2 



7K7, l3K4,l4M,l5KA,lio^4,nK4,\8K4 
71A2, I3RI, I^Rl,lSR*,llom,nRI,l8BI 



REViSIOI«t3 



THt FdnOlvlkKS, WERE SitawN 
«,« MID «iA.TeS ; ose/osF. 

AS OR 4M-tS; OSe/llA. 

ONIC 04 F04,0& ,08,10 ,«' 

0IF04, Ofa BfkLL WAS ON 

OUTPUT. 

Tine WAS DFU-Av 



H^^l^^s.! 



Veb-7<) ROI 



TITLE" 



JL^I |50^:5"|g.lg-t'i;^- |Bot.|y 



.:rfr;- 



CUMPurtHij 



-U I'l HM- 



S. i\ AMtJSi-iALI NOT 
Hi Q!!,CuvyitL,v*;; i,SL^- J--;,-.:,, uincnPurt. 
f^.i; |S EXCEPT AS SPECIFIED BY CONTRACT BE 
^ ;- i:£N THE R6CIPIEKT AND THE PERKIN-ELMCH 
GiFtPuiiAHON DUPLICATION OF ANV PORTION 
<J! THIS DATA SHALL INCLUDE THIS LEGEND. 



t 



SCALE- 



CMICHAElT" 



g^^^Tg 



TITLf 
FOKICTIONW. SCHEMATICS 
HPFPP-«> 



'0 3*^ Qg 



ISS-liSRQ^ pee 



-20 






PS- 



SP) 



St I 



s»p 



I2NE 
I2N3 

ieN3 

MRS 
MRS 



Na 



XI- 1^71 



yi.4>U>l 



VLiSI 



Xl-d>1l 



XL((>il 



XUI^I 



yu^ii 



FCUK* 



4Mlo 



IIN7 



i|N7 



ACLKl 



)(Al4$6 



XiAE<^&l 



MCQUT^ 



SkT> 



A* I 



3M5^I2li*. 



5KS 



A6 



IIMS 
£l4 



6Mxii<*4 



ASTtati^t 



CCI.A4B 



43 oac s) 




OS, 



£>(» 



01 



o4 



03 



OS 



01 



it 






■ 104 

M6I '^Bi''" 



towea 



ROM 



=9 





.2> 



Of 



;^i> 



c^ 



04. 



0<^A 
I'J-lSto 

STTU 





H9,3>M, 4N2,5B7,7KSj8t8, lOK-J.llJT, 




DIST2I 



MCOUTl 



ST*I^A 



STiJill 



RM 



VftT* 



7A7,SA'), 941 



3K>3 
3n3 



yii 



&sr«\^ 




o« 



03 



Aot 



04C 



DC 



L-qt»5 eto 



OS 



(9Mfa 



isrtcoL)T0 



li 



s Q 
04C 

PC 



! 



09 



S6ST1 



■3E5,'JI-Ho 



SMS 



3FI 



Asn 



F\N\ 



ftCTA 



<in-4 



aL.4 

PS 



Ai.u^0 



Oi^-t>^A 



XAES&I 



ASUk/ll 



■7A7 



»3J3 



AgqaA 



A£<9ai 



OS 



ASUNl^ 



7A9,9Aa,<1*>3 



3N2 



^Tjt^^ 



'-5- 



|M-4>dife 



5K5- 



Dl 



05 



01 



03 



OS 



o\e, 








O/ oZ . 



i%0OE 33oA 



_0i 



4 « 



a 







S^o-^ 



03A , 

19-060 




OS 



09 — 



QZtk 



ot 



o3 



07 



«? 



Ofa 



CIlA 



<5 

5 

19- a> 

OFF 



IS 



M 




06 



g/rg ,gC^Y(^ g/ 



8F9 



XCR\I /3 






o 



^=o 



oie 
fine 

&TTL 



OS 



d4 



^Tgt^ 



3KJ6- 
5K2 '-* 




52 



JiPM 



\e 



oe 



II 



lO 



PERKIN ELMER 

Computer Systems Di\usion 
Oceanport .N.J. 07757 






FdUK^ 






FCL<1 



■St-14,9AI 



REVISIONS 



TME FOt-lOWINC, WERE SHOWIM 
AS ANDOiMES; OIBOU^ 
OZBiOB, Ol«.0% r'oSBll , 
THE PeL1.0WIN«ii'*'tRt SHOWIM 
AS OR ^».Te<>- OOA.O I 04. 
IN/kREKJ-i «,ATeOqK.68 WAS 
NOT SHOWN, =.I<5|. LOb.O<f 

WEKJTTo oifcis, s\e,ADCvaf 

WAS NOT SHOWN , 

ON IC 046, 04C i^OVi- DS , 

Q, 5/ DC WERE S, 1 ,0/ft. 

RtSPECTlVly. 

TITLE WA.'SDFU-A,, 



iSI 



^Z 



|3-gi.-r)|TOT 



A/or ^fi-ec. 



ii>\H- 



1.P 



\s-i--?') (?0Z 



ARE:^F8 ADDED Oi6 /"l-l^i 
STTL, AREA J* ADDED WiiA^ROiB 
/mifi U6 /HQBIAWSJiSBIC. 



rn L^y |409t 1*1 |»>79 1^03 



DtLETED MoOSl 3220 
FROfsn Tinj£ 



JoJI I So<.sl^[i-\-e7. \'ic4-X 



' A 



r 



MOFFl 



9Ai,aK^ 



■i!!2Pfi_5B7,7<J, 

3£3,«H5,"5A3 



DCbtsI 



^^^9Mfa 



?Al,aAfe, "JAI 






.03C 

-^3 



09 



gERO^ 



5Bt,9H2 



oa. 



-S§5£' aA3^ 10B2 



. 36te 



SCALE- 



CMICHASUS 



■ ^;f}t{MAr.:jN VM.I ljsi ■• ^'1 "^ '^ IS THt Prtiip 

tH!V 0\ I'll F'tl'fiTi t^,^'f;R C-IBl'i'RATlOM 
iJ'.iMPL'^tftl'V'i-: :•« '1' l':U^% ANIISHALI NOT 
lH 'JlbCLOSfcUOh UStL; r oi: A.I I OiMtR Pun- 
PUJES EXCEPT AS SPECIFIED BV CONTRACT BE 
7W:-:ENTHE RECIPIENT AND THE PERKIN-ELMER 
O;'!P0RATI0N DUPLICATION OF ANY PORTION 
',;: THIS DATA SHALL INCLUDE. THIS LEGEND. 



TITLE 
FONCTIONAU SCHEMATICS 

HPFPP-A> 



';."03Sos 

"■ 3.5-7I5RO + 



DOS 



-80 



5 



T H 



faNS 



5K6 



DCi-K.t 



<» 



N^ISTS-I 



N5 ^sm(^ 



<>fii3 



Vg,TI 



S07-4>. 



XMOili 



N3 



MtUMI 



5lJ-5Sl£i§i. 



L\ 



5K2- 



^Sl 






s»t%- 



Dl 



3U2 



ST0H 



107- <(> 



^^J<MQ3I$_ 



tOfa.4) ^'^q^^4 



dLz: 



aF<9 



ASiJli*\ 



XCRYI 






>/aT^ 




c4> 



SKS 



JS^ 




20to-4> 



^-1 jii^Sl±_ 



5Ka 



01STA\ 



01 



04 



o9 



02 



-NC 



0<l 



^,^aD£LK£_ 



<•«<• 



A'^'^'^ 



o 



CM 
>- 




CUB 

\'5-C(.2 
SO, 



H9 



OlST4# 



o 



3n 



CH 




ass 
set 



OS 



Ml 



5K5 



Dl 



3MIO 



ST04I 




3M3 



ST^IIA 



Dl 



BMIe 



ST^»I 





BOMLY^ 



-<206- 



iio€?;ne%,i8e3 



OCaA 




APLSB* 




-<109-4. 



,^^Jv2tJr!5l£i,3Ee,,4e2,ise2 



lbE2,'nGL',iaE2 



aa^/ i<oea,ne2,i6e& 



£^-I:i5iil.3ei,KEi.,5£i, 

>(oEI, nEt,lftCI 



" StaO ^ l3EI,l4El,l5ei, 

i(.ei,nEi,iaei 



ftMlNft^ 



<209-4 



-<2n-i 



OIST4<6 



t" 



spR&«y 



<Sua 



1")M5 



<\zi- 1 



SN.CO0T<f |3Ka 



DAu^25.,3K8 




larte 



' <221-3 



PERKiN ELMER 

Computer Systems Diviston 
Oceanpori, N- J- 07757 



REVISIONS 



TUt FOLLOIMIKI^ WtRE SHOWN 
Oi>e>ll,OOOI2, OUF0U,O8 

oNic 04B 0%, QiSyce 

WEM S, 1 ,0,,'' R , EtSMCT'iy 
ON IC 04F0a 6*>U.WA«ON 
Ot^ PUT. 
TITLE WA% DPU-i^ 



i^P? 



Bc5 r 



|5-€'^-yi|ROI 



SeLETCD "MOOE.L Se^O' 
FROM TiTLC. 



M ISOfcg lR|8-i-g2|Egg. [ A 



SCALE- 



C.MiCHAECS 



'(NH)f'f(ATtO'» ;!-^' lost ■ i!i 'it '.u •■ '-IE PhtH" 
fOVSPl;??'^ 5.v';-['.:s -HV-SiLA AMTj.-AL. 'JOT 

;"■ e-;:;i:l^£-::: ... ^3t:. ri'^j. ■. ot .Lh^UR 
t- >PGS EXCEPT AS SPECIFIED BY COWTRACT BE 
"a I EN THE RECIPIENT AND THE PERKINELMEfl 
;:u-iPOf<AT(ON DUPLICATION OF ANY PORTION 
' II THIS DATA SHALl INCLUDE THIS LEGEND. 



g-'^-lg 



TITLE 
FUNCTlOWftL SCHEMATICS 
HPFPP-A. 



■039O5 



3i-"5iSRoa i>oj| 7 — so 

1 



▼ H 



PERKIN ELMER 

Compuler Systems Division 
Oceanporl. N.J. 07757 



S 



zi2-)>l: 



5KII 



ST^4" 



ELS 



SSCi 



Fl 



RR.) 




RR\ 



/l2,fcH3 



F7 



AgRV<?' 



RR<!) 



SMBSI 



l3Aa,l4A2,ISA2, 

i(oA2, nAz.iBAe 



■Bna- 



S&M&Nld»^„^.4 



3MS 



ST(Z5 3I 




Ob 



FS- 



AcRyt 



3M5 
I0K3- 



5T031 09 



UFul 



10 



toMl 



Z19.0\ 




OS A 



ce 



3Ut 



st6^<» 







EACl.lc<t> 



SKI 3 
SKS 



S1»l^ 



Tot 



AS^ 






15 



5K& 



DI5T2I 






D1ST40 



OiOCLKft 



«>NS 




5K4 



Ivt^ 



211-4 ^ 



JBMXASI 



SUh 



ST^4I 



4MsSS^!=!i^ 



5T»i^^ 



jvaTi 



5K3 



\S. 



AS I 



ST^S^ 



2W 



PCUR^A 



ns-<?> 



jx&wrf 



4N5 



Wei-K' 



-22, 




oe. 



i 






fi2. 



bmbm4> 



o& 



BMANt4 



Tr3 



IIC1 I2C7,13AI I4AI. 
lSAl,lfaAi,17A(, I5AI 

•llCl,ieCI,l3D3,l4Ba^ 



I 

5Ka- 



FCLK^ 



DiSTSl 



2,5-.>i5ii^ 



D66* 



<2ll«-4 



Il2-3> 



MSCOl 



srs-sy 



(oMi 



Fe^M 



JBMX$ 



J^ 




fi&oA 



\Z 



MC ■ 



09 



03D a? 

5| 

\ 

Q 

Q_ 

9 



oa 



ClU 



SBF 



Ofe. 



F9 

AM)! sit 



<m-4 



109-l> 



MFN^ 



M2 



LOAD/ 



JV<&T^ 




4N4 '^'^'^ 



<n5-4 



lo4 i'^-im) — 13Cn,|4D1,l501, 



3ki(« 
5M3 



5K3 



&Tg4a> 



ST«i* 



ASi 



DSTAl 



3<^2 



oq 







3KJ5 
2lS 



sr«3i 



ssci 



BSCLBi^bC 



l5A5,|teA5,n4s;i»*« 



15 



5K1 

4>45 



LM5H* 



EAClK^ 






02 





o3 



L^ 



PC 



o5 






EA&tK(J 



03 



Xp;>>V 



3£5 






3*0 



0% 



ST»9I 



ACwiKA 



ACRV0 



H\pAa^9A4,fe£"8 



3M1 

V3H3ll^i£2* 



xPBi 



Q(o 



ACRVI 



•H2 



\=)KI5 



MCOUTI 02 




AMM* 



l3C>d,l4DS,lS0S, 



s4woRi^ 



UOAOi^ 






l£ 



9/W,7Ato, 7K.3 






UMM/^4' 



t^lig^flsol |vat-n|RO' 



|3KS,WKS,«K5, 



AL.S%N<^ 



l3K8,l4K6,l5Ka, 



SH^Lli^B 



)4.Ke,nK6,i8«6 



SHSUI^A 



SHSL.»t» 



l3K6,l4Kfi,ISK6 









REVISIONS 



mt FOaoWINt, lW£R.t SH6WN 
A% AND (^ATt<3 OSJOSj 

O8EltjO8Hoe,0<^KO3,08Jll 
O 7KOfc, 1 2, e 0OD08. 
THE. FOH.OWIN61 WERE •SHCWK 
AS OR&iATCS-,O'St04, 
07604. 

%l<iaNAL <^DCI.K0 IKIlkREA 
Ate WA« NOT SHOWN . 
ON IC 07M,OSA,0^C; fO&T 
DS.Q.S.i-DC WERE S, 1,0, 
R - RESPtCTlVLY- 
ONIC aSFoa ^ £■' OlfOZjlO 
SM.).»/AS SHOWdN OUTPUT. , 
TITLE W*>S DFO-A 



WAS 03A I9-OS8 



m' 0\AO96 \M\7-ni9\RFi 



WAS. M f/fiMO ^flC - ACLKI 



■fr\fJ\43ol lMl^^;■i^g^|Ro^ 



dele: TEC 
TITLE 



MDOeiL 322.0 PeoM 



JL.fl |so(.s KI-;-i-j;.|eo4|y 
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<lo3-l 



oiF , 
l9-OS7>. 



ASFI 



-teH4 



MQCE^ 



<ae2-i 
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1^>^[> 



I5F 
STTL 



AMCjeL»>()> 



l3KE,l4K2,iSK2, 



JftCRV0 



<21S-<V 



(m2 



D£LK4 




XCKV4» 



-3A5,3S>4,-7A3,FS 



XCRYl 



feHS,'''>7)«£8 



I SOS 
4Mb 
bKi2 



A6$a* 



ACiJM^ 



FCwlt.^ 



/<i)T4 



roi 



X> 



I5F 
\9-iafa 

STTL 



as 



12 



-"^^t 



OST 



B-otoi 

SDF_ 



M<>TI 



OS 



<223-3 



AlMASI 



l3K7,l<lK^,lSK^, 
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SCALE- 



C. MICHAELS 



EKfV ijl iHh "f Rf IN f uVt 



SlOi 



i/lHPflRAiitIN 
"i ArjOflHALI NOT 



POSES EXCEPT AS SPECIFIED BY CONTRACT BE 
TWEEN THE RECIPIENT AND THE PERKIN ELMER 
CORPORATION DUPLICATION OF ANY PORTION 
Oh THIS DATA SHALL INCLUDE THIS LEGEND. 



a-g-16 



TITLE 

fi;nct(owp.\- sch£Mat\cs 



■O3S0S 



r^^ — r 



SHEET OF 

a —20 
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IOlIS 



1\C7,12CT 




^F IP ^i 
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.Mi ISftj, /(»^S, 






Si±Si<2n-i 




PERKIN ELMER 

ComputRr System's'-OJvision 
Oceanport, N.J. 07757 



REVISIONS 



TifrF5CC5wIfKrWEErOTS»W 

\i AND <Si*.TC%;Ot&0(., 
08HII, oecOb, lOBOS.Ob 

oBeoa,o8D0<., oscos, 

07M0I., IO>/IOt.,oeOd8, 

THe FOLI.Ov\/IM<ii WERE ^HOWM 

A,SOR ^ATC%: ObVl/04 

ON 0<1S BAUS WERE SHOWW 

OKI OUTPUTS, 

ON 08M OS, Q, 5/ DC 

WERE S,l,0,i<*R -RESPeCTIVt.y 

TITLE W/v^ DPD-A 



S-ST-Tl R6I 



/I*1m M /« ; ADD£D I.C'S a?w 
? 09/M /=^ieOM lOT-Ob 



jffn m9i \ MS \ io-7-fio(^o^ 



DE.t.ETEC "MODEL VL-LO ' rtaft 

TiTLg 



iA lso6f|e.l »-/i;z leojv 



ISKii 



SCALE- 



C NUCHAELS 



c;C)K'i' 



U[ r 



iibl : 



Mt ^HOP 



HtT.ON 



I NOT 



P0:^6S EXCEPT AS SPECIFIED BY CONTRACT BE 
rwEEN THE RECIPIENT AND THE PERKIN ELMER 
CUHPORATION, DUPLICATION OF ANY PORTION 



S-'i--lS 



TITLE 
rOMCTlOMftU SCHEVHVTICS 
HPFPP-A. 



■r 05*^0^ 



T35-1I5 903 pot 



SHEET OP 

9— a? 



5 



▼ H 




SKl^i^^ 



PERKIN ELMER 

Computer Systems Division 
Oceanport. N.J. 07757 



$5 



REVISIONS 



A* AND <S|ATES; 18E08,IUtOS, 

THE FOH.OIWIN&, WERE SHOWN 
A1>OR.<iATES' ME0I/04. 

ON ic'siSeieyostoit, 

iOtAil. WAS ^HOWhl CH 
OUT PUT*. 

ON ic's oqe/iefeDV*<9' 

DC WtRt 5, l,0<R-RtS««t- 
TITLE WAS DFU-A 



3150 



a-e7-M 



|boi 



AHEA. D3 jCiATE. I W&IO WA^ ^ 
l5tlO,<:0NM. TO l4tOU., 

AREA,aa, SI4,. itR^i iuA% 

MOT SPEC. 

AREA.K4 <4AT6 iBtlOUJAS 

MOT *HOU>N. 



Hskv? Uo?o 5-4-71 paz 



T1El£T£Li •MOOet SZ.ZO " Rft* 

TITLE StOifc 



-l■-^/| 15065 If |8-/-ez|i^]X 



t^ 



SCALE - 



NAME 

C.MiCwft>ftcS 



■l^ifr)^■'^'ArMl^i :■.;■/, m'm '.^ "i fr i-j IS ih£ prop 

tHTY'.if TH[ PtfiKI^'i f r.-lt H i:OMh>i'RATION 
COMPUltrR SYSTEMS li^lSlCM A^JO F.HAIL NOT 

Bf- DISCLOSE?" 'jp. usii; ;■ ^» ,r;Y jtjilr pu:i 

poses EXCEPT AS WECIFIED BY CONTRACT 8E- 
nvf EN THE RECIPIENT AND THE PERKIN-ELMER 
COrtPORATiON DUPLICATION OF ANY PORTION 
O!- THIS DATA SHALL INCLUDE THIS LEGEND. 



g-'?o& 



TITLE 

FUNCTIOWKL SCHEMATICS 
MPFPP-<k 



'■■O^qns 



'3 SOiSRi33 DOS 

I s 



lO— 20 



PERKIN ELMER 

Computer Systems Division 
Oceanport . N ; J. 0775 Z. 



^3 BMA»J*_ 

,^... aAD<i>o<j 




REVISIONS 



ON IC'S Il6,iis, 6«tc^oe|'D 

BUBai.e% W&RE OK) OUTPUT^ 

ARtA. Clo CJCLETCD Ik EESISIOti 

BETWEEN OETIOifOaTOT. 

OaTiO WA« CONN. TO PSfilJCI7 

WtlMTTO OOWM. 

SIGNAL RC^PIS^ W<A« NOT 

SHOWN. 

TITLE WAiS DPU-A.. 



4s 



^g^3qso| |3^^^?^[toT 



/(R£/1 MS ADpeD SATe 



KRIM h09< |M|7^^^^7^|R0^ 



-4gS4 C6 , /lOOf O a2 TO R E6DI5Q 

frfii" maasL Zzzo" F/tor^ 

-£ &LOLK 



C-4, CoAe 



M,faA3 



&A3 



10F5 



< 209-3 
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19D2-^^ 



l<to2 






3NS.SIili 



XALU 
MODc SClE&T 
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A 


S 


M 


D 


C 


L 


A+B« HLLH 
A-6 = LMHL 
A>k-I -- LLLL 
A^*|K»MHH 


o 


X 


X 


X 


y 


K 


X 


1 


A-B 


A-B 


At6 


A-B 


A-8 


A»6 


a 


X 


x 


A 


A,Atl 


X 


X 


3 


/(,A+I 


A^l. 


AA-i 


A 


X 


A,A-I 


4. - 


A 


-A' •• 


A ' 


* 


*. 


A^ : 




5 


- 


A 


X 1 A ( X 1 ;<. 1 



THIS TABLE ALSO APPLIK TO SHEET 12. 



t" 



SCALE- 



CjvyCHAELS 



■ ■' "'-M' . ,sr-> .., ,n ■ !■ 1,-1 fBtJP 

'' .MKi, TJ R ;.r*. ;[ ■ ''. l,t'i;L"< ANUSMAli NLl 

PO!iES EXCEPT AS SPECIFIED BY CONTRACT BE- 
TV EENTHE REClPlfcNT ANOTHEPERKIN-ELMER 
COTfORATiON D'JPL!CAr:OM OF AMY TORTJCW 
'.'« THIS DATA SHALl INCLUDE THIS LEGEND. 



s-9-ia 



TITLE 

FUNCTiOviAL SCHEMKTICS 
HPfPP-A 



■OB'^O'S 



•asoisaot 006 



T 



T 



n — ao 



▼ ul 



PERKIN-ELMER 

Computer Systems Division 
Oceanport, N.J. 07757 



Ml ^-^ 



C2 Ilc2, 

C2,MC.£, 

I3A-5 l4A3,IS/«3, 
'bA3,nA3,l6A3 

ce,nc2, 
i3A3,i4Ari5«. 
faA5,l7A4,l6Aa 

BAn»;S3^ g 

l3A3,I^Ai,iaA3 
l(pA3,l7Al,l6Ai 




ONIC l<iC (5 ISD BUBBLSS 
WEES. SHOWN ON OUTPUT 
SIDE. ON IC 13 BOBBLES 
WfTEE NOT SP£C. DWa 
TITLE WAS DFU-A 



4^ i e^3'?so ! |3-e7--yHEO' 



REVISIONS 



HR£flD8 : eaina/BD bubbler 

FROM 13 D -04. 07. 09<IZ 



DEi^TEO -'MODSL 32 EO" 



M I sofeTUl ^-/-ga \Ro3 1;^ 



<I04^ 

IO&^ 



■'INFORMATION DISCLOSED HEREIN IS THE PROP 
ERTY OF THE PERKIN ELMER CORPORATION, 
COMPUTER SYSTEMS DIVISION. AND SHALL NOT 
ffE D"^CLOCrDOR USED FOR ANY 01 HER PUR 
posts EXCEPT AS SPECIFIED BY CONTRACT BE- 
TWEEN THE RECIPIENT AND THE PEHKIN-ELMER 
CORPORATION. DUPLICATION OF ANY PORTION 
OF THIS DATA SHALL INCLUCJE THIS LEGEND. 



HOTSS: \, POR %NUU V^D^ SCUSCT Tfr-ftUs ReF£ft Td P^«t« \\ , 



t " 



SCALE - 



CN»>CHAE>-S 



a-9-ia 



TITLE 
FUHCT\OIJ(W_ «f utHW\t6 

HPFPP-A 



"03'*0^ rt , 



-zo 



Place, Oceanport, New Jersey 07757 



gc; ftNtftVi^ 



,*4i^5^ 






^65=^2* 



^zVtglg^ 1°. }B *TTL 31 







INFORMATION DISCLOStU NERf.lN IS IHt PROP 
EnrvOF TKE PEBKIN ELMER c:OHP(mATiOM 
COMPUTER SYSTEMS DIVISION, AND SHALL NOT 
BE DISCLOSED OK USED FOR ANV Ot HER PUR 
POSES EXCEPT AS SPECIFIED BY CONTRACT BE 
TWEEN THE RECIPIENT AND THE PERKIN ELMER 
CORPORATION DUPLICATION OF ANY fORTION 
Of THIS DATA SHALL INCLUDE THIS LEGEND 



SCALE- 



C,M>CMABUS 



miM 



TITLE 
FOUCHONKL V.ftCMf»T\CS 

HPFPP-A. 



Oi^OS 






15—20 



PERKIN ELMER 

Computer Systems Division 
Oceanport . N.J. 07757 




PERKIN ELMER 

Computer Systems Oivision 
Oceanport,N.J.07757 
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05 
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g-iS^ 



|y\qi6ai 
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^Q^l^ '^ 



lA 



EMB 



ir 
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^ I9-I9te 

jB STTL 3T- 
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«Fa.aviML 



I2M' 
iaK4l 



B/>Pg^3C> 



fcA&<^a^ 



RAO^i^ 



BA&6i^l^ 



*^^ 



awKt^ 



aP^JMd&iL 



ieK2 
laKe 
laKi 

I2KI 



AA&a>3C< 



AAO^atf 



AAa6l6 



M&^*^ 



c* 



07 



52. 



12. 



ei 



z< 



zs 



32 2t 



IK 1l« TtK. IlK 

di I 2e| a^ 4a, 

-PS 



•?HS- 



MS|fc<^l 



1H1 



MS^SlI 



MStfa' 



MS03I 



o< 



0<a. 



iO 
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MM006.I 



ex<z4y 



Bfh 



BMAKJO 



lis 






A 8 c o 



- AWlS 

A ", 

I ^ 

A p 






02K 

a. 



ISF 



05 



02 



09 



03 



0^ 



l5 



an 



AMJ.SI 



A 6 C O 



Da 
lOj 

CBS 



IN !^ 



l9-o-?5 




oS 



OT 



09 



SNI 



A>^>^ 



0% 



13 



I A E^"» 
2A Old 

ea 19-1 3^ 

3A sTTt. STp 
3B CtRI-ST) 



4A 



<rT» 



4B 



SEu 



104 

err>— 



09 



.12 



01 



asTi toi 



&sr\Ti 



BST18! 



B5TWI 



I9A8 



I9EI 
I9E.2 



01 



4B 



04> 



oS 



0% 



<A 



SCL 



<T3- 



3^ — 



" 19-132 

3A a^iMUX „- 



CNft 



\2 



lYb — 



Ofc 



OS 

03 
02 



23 



I « 

, ."^ 19-04.7^ 
Al 



22 

20 



MS 



STTu 


^« 









T 


f\ 


P 




T 
S 


(2 




k' 



A»6 



C-n+A> 



17 



CSiltel 



I9J5 



15 



CPttel 



I9J5 



, MOl^ 



^2 fidAU3^,^K5,t^KT 



10 



14 




MAUS^ 






tbRI 



SK8 



i^oa^^^ 



BIST21 



,N7 -<^ilfiS=!^ 



MAUipfi^ 



R2 



MQI80 



ARQSl 



l4K4,l(sK6 
I3J3 



Manai 



L 

OS 

fl 

Ob 

II 
!£ 

ii 

li 



MisTai 



'5 



-3Ka 



£N& 



ISM 



|Y 



i-r 



lS-1945 
25 2-75,1 MUX 

3gCTEI-ST)^ 






<IY 



SEL 



01 



07 



OS 



12 



-vi.C. 



Rl 



I4R2 
I4R2 



HqiCc^ 



MQig«^ 



M<&t4^ 



HR, tiSiM- 



I4RI t^q'^ 



SN5 
5K8 



-MMS0 



l| Ya 



Misrec/ 



l<bJ3 



M, 



lAi-^'^ 



MALaid 



1*03- 



8N2 



MAl>a3<^ 



AUMSSl 



LMMAfli 



S5 



ss 



Ai.nd 



Auiaq 



ss 



-I'jii 



\4.S7 



AN? 



At-2^ 



A4,VIAS\ 



I*'! 



I4J2 
I4J2 
I4J3 
I4J3 

8M4 
8N4 

4M«> 
SI-4 



wAlis^ 



WAU<*<i> 



MAU3^ 



MAuaq* 



SHSLft^A 



SHSL-tf^ft 



, IS-230 
'-* 4-BIT 

i-.SHimeiEY, 



\0 



12 



<3A 



i3 



-^r- 



I3S 



£5_N.C, Ki,lfoW 
■7 OT MOl7g 



pQg'-R 



IS 



OS 



oj 



10 



13 



ENS 



lY 



zr 



A^ 



« lVl9to 

34 STTU »yl 

3& ' 



*r 



^t seL 



04 



07 



09 



12 



01 



iL 



evJK 



lY 



2A OIK 2Y 

26 l^-l"}*! 

2T(0!MU)( 
SA STTl. 



<!A 
4B 



4Y 



SEL 



01 



03 



o^ 



OS 



06 



o7 



l-j 0\M Yol 
^4-BfT 






14 



AUSRM^ 



ALt-X.^ 



DOlJU^B 



AU*)! 



19-151 

CSTTO 

SOF 



10 Mffliag 



y4l,K3, 



AEEA A9 OEueTED iCEESISTOE 
BETWEEN 027-09 ^ OZT-OB . 
OOT-I I WAS CONN.TD OZT-08. 
02T-09 WAS CONN. TOPS. 

ONic 02C ^03k: bubbles 

WEEe SHOWN OW OUTPUT 
SIDE.DK'S.TITLE WAS DFU-A 



•A2,K3, 
i^v.r lfcK3 



•NC 



<A 



OS 



o9 






5 



> 



l9-iil 
SO? 



oe 



Oi 



■ 5 



*ttm 



REVISIONS 



^\tO\3950\ |3-27-79|goT 



FRom TirueeLocK. 



■'i.fi i-5r>i.s\i.\8-i-a2.\eoziX 



.AUU^,4 



Al.\-i$ 



14Kfc 



K<fa 



At^\e4> 



AU'?<J> 



K6 



Kb 



1 \ 


AUll 
















\ AUI(»t 


















"INFORMATION DISCLtSSEO HEREIN IS THE PROP 
ERTY OF THE PERKIN-ELMER CORPORATION. 
COMPUTER SYSTEr« DIVISION. AND SHALL NOT 
BC DISCLOSED OR USED FOR ANY OTHER PUR- 
POSES EXCEPT AS SPECIFIED BY CONTRACT SE 
TWEEN THE RECIPIENT AMD THE PERKIN-kLMER 
CORPORATION. DUPLICATION OF ANY PORTIDW 
OF THIS DATA SHALL INCLUDE THIS LEGEND. 
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TITLE 
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TITLE 
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DRAFT 


2-9-"« 




CHK 
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PERKIN-ELMER 

Computer Systems Division 
Oceanport,N.J.077S7 
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I9H3 g^g^ 
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eFz-B&J^S^ 
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tSN2 



S/%B*J(i 



BADOe» 
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SAD^^t^ 



9G|1 



8P7 



BW^ 



6MASI 



I2K2 



AAD^3^ 



AAPfca^ 



,aM-^^2£i£ 



,g^,AA5^*£_ 




<OSE <OSC <0£<OSH 
IlK IlK flK 5lK 

21 1 281 a?! 4al _p^ 



^Hs-i^iS^^ 



Ofc 



THsiil^^ 



o\ 



vmJ:^^^^ 



o^ 



1H1 



MSA3> 



03 



oa 



04. 



on. 



^dS 



lO 



12 



■CBi 



(4 






MM<^P6I 



cfrfa«;i 



A B C O 



13 
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